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ANALYSIS OF STALL FLUTTER
OF A HELICOPTER ROTOR BLADE

By Peter Crimi
Avco Systems Division

SUMMARY

A study of rotor blade aeroelastic stablllty was
carried out, using an analytic model of a two-dimensional
airfoil undergoing dynamic stall and an elastomechanical
representation including flapping, flapwise bending and
torsional degrees of freedom. Results for a hovering rotor
demonstrated that the models used are capable of reproducing
both classical and stall flutter. The minimum rotor speed
for the occurrence of stall flutter in hover was found to
be determined from coupling between torsion and flapping.
Instabilitles analogous to both classical and stall flutter
were found to occur in forward flight. However, the large
stall-related torsional oscillations which commonly 1limit
aircraft forward speed appear to be the response to rapid
changes in aerodynamlic moment which accompany stall and
unstall, rather than the result of an aeroelastlic instabil-
ity. The severity of stall-related instabilities and re-
sponse was found to depend to some extent on linear stabll-
i1ty. Increasing linear stability lessens the susceptibllity
to stall flutter and reduces the magnitude of the torsional
response to stall and unstall,



INTRODUCTION

Aeroelastic stabllity of a helicopter rotor blade is
a multifaceted problem because of the extreme varlations of
the aerodynamic environment wilthin the flight envelope of
the aircraft. In hovering flight, a blade can undergo
classical binary flutter (Ref. 1) or stall flutter (Ref. 2).
In forward flight, the linear instability experienced by
systems wilth perlodically varying parameters can occur
(Ref. 3). While these types of instability are not normally
encountered with blades of current deslgn, due to the rela-
tively low disc lcading and weak coupling of translational
and rotational degrees of freedom, they are certainly not
precluded from new designs, particularly those intended to
extend present performance capabllities., Of immedilate
concern, however, in both design and operation, 1s the
occurrence of large-amplitude torsional oscillations and
excesslve control-linkage loads assoclated with blade stall
on the retreating slde of the rotor disc at high forward
speed or gross welght, effectively limiting alrcraft per-
formance. Thls problem has prompted a number of recent
studies of dynamic stall and the effects of stall on blade
dynamics (Refs. 4-8).

While stall has been 1ldentifled as a causal element of
the problem, the nonlinearity of the stall process, coupled
with the unsteady aerodynamic environment, has precluded an
analysis to the depth required to gain a thorough under-
standing of the mechanisms involved. 1In particular, 1t has
not been clear whether the blade undergoes a true aero-

- elastlic instabllity, a simple forced response, or some
hybrid phenomenon which takes on the character of one or
the other extreme, depending on flight conditlions and blade
vibrational characteristics.

Stall flutter for axlal flight 1s amenable to analysis
by empirical methods similar to those developed for analyz-
ing stall flutter in cascades (Ref. 9). The flutter
mechanism for that case has been ldentilfled as deriving
from the extraction of energy from the free stream by the
periodic variation of the aerodynamic moment. Analogous
methods applied to the forward-flight problem (Refs. 10
and 11) have been inconclusive, however, the primary diffi-
culty possibly being in applying emplrical methods without
a clear definition of the underlylng mechanism of the problem.

A method was recently developed for analyzing dynamilc
stall of an airfoil undergoing arbitrary pitching and
plunging motions which provides an 1deal tocol for analyzlng
the stall problem in forward flight. The method, which is
described in detail in Ref. 7, employs models for each of



the baslc flow elements contributing to the unsteady stall
of a two-dimensional airfoll. Calculations of the loading
during transient and sinusoldal pitching motions are in
good qualitative agreement with measured loads. Dynamlc
overshoot, or 1lift in excess of the maximum static value,
as well as unstable moment variation, are in clear evidence
in the computed results.

This study was directed to analyzing the aercelastic
stabllity of a helicopter rotor, particularly as it relates
to stall, using the method of Ref. 7 to compute aerodynamic
loading. The representation of the elastomechanical system
includes flapping and flapwise bending degrees of freedom
as well as torsion. A listing of the computer program used
to perform the calculations is given in Appendix A.
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SYMBOLS

blade semichord, m

mean 1ift coefficient, ratlo of time average
of 1 to pRZ2RD

1ift coeffictent, ¢, = € /( p U® b)

moment coefficient rgfegred to quarterchord,
Cmcu=mc/4/(2 p U= Db )

blade chord, m

mode shape of first uncoupled torsional mode,
unit tip deflection

mode shape of first uncoupled flapwise
bending mode, unit tip deflection

tip deflection due to flapping, semichords
tip deflection due to bending, semlchords

translational coordinates of 2-D system
(1 = 1, 2), semichords

moment of inertla of 2-D system about pitch
axis, kg - m

blade moment of inertia about elastic axls
per unit span, kg - m

translational spring stiffnesses of 2-D
system (1 = 1, 2), N/m

torsional spring stiffness of 2-D system, N/fad

1ift per unit span at aerodynamlc reference
radius, N/m

offsets of springs from pitch axis of 2-D
system (1 =1, 2), m

total blade mass, kg
blade mass per unit span, kg/m

aerodynamic moment per unit span at aerodynamic
reference radlus, N



masses of 2-D system, kg/m

rotor radlus, m

Inner radius of blade 1ifting surface, m
aerodynamlc reference radius, m

Instantaneous free-stream speed at aerodynamic
reference section, m/sec

reference speed, U = & rg, m/sec

R

distance aft of elastic axis of blade
sectlon mass center, m

distance aft of pltch axis of mass center
of my, m

generalized coordinate of 2-D system, equivalent
to h semichords
B £

generalized coordinate of 2-D system, equivalent
to h 4 semichords

angle of attack, deg

flapping hinge offset, m

collectlve pitch angle, deg or rad
blade tip torsional deflection, rad

angle of zero restralnt of 2-D system torsion
spring, rad

advance ratio, ratio of forward speed to {1 R
free-stream density, kg/m3
dimensionless time, 1 =TU_ t/b

blade azimuth angle measured from downwilnd
direction, deg or rad

rotor rotational speed, rad/sec
dimensionless rotor speed, Q* = Q'R/((Jeo b)

flutter frequency, rad/sec




frequency of first uncoupled, nonrotating
torsion mode, rad/sec

frequency of first uncoupled, nonrotating
flapwise bending mode, rad/sec



PROBLEM FORMULATION

Aerodynamic Loadlng

In the flutter analysis, only leading-edge stall was
considered, so the following relates specifically only to
that type, even though the basic method can treat trailing-
edge stall as well. When the airfoill is not stalled, the
flow elements represented are (see Figure la): (1) the
laminar boundary layer from the stagnation point to separa-
tion near the leading-edge, (2) the small leading-edge
separation bubble; and, (3) a potentlal flow, including a
vortex wake generated by the variation with time of the
circulation about the airfoil, When the airfoil is stalled,
as indicated in Figure 1b, the flow elements are: (1) the
laminar boundary layer, (2) a dead-air region extending
from the separation point to the pressure recovery point;
and, (3) a potential flow external to the airfoil and
dead-air region, again including a vortex wake., The
analytic representations of these elements are described
briefly below. Detalls are given in Ref. 7.

Potential Flow.—Given the airfoll section character-
istics and motions, together with the distribution of
pressure 1n the dead-air region if the airfoll is stalled,
the flow and pressure over the airfoil must be determined
to compute the integrated locad and analyze the boundary
layer. The problem was formulated by imposing linearized
boundary conditions of flow tangency and pressure, using
a perturbation velocity potentilal derived from source and
vortex distributions. The resulting coupled set of singular
integral equations 1is solved by casting the singularity
distributions in series form and solving for the unknown
coefficients by imposing boundary condltions at prescribed
points.

Boundary lLayer.—Because the relative importance of
the individual elements of the boundary layer flow as they
affect dynamic stall could not be established in advance,
the representation in Ref. 7 was made as general as possible,
The method of finite differences for unsteady flows wilth
variable step size in both streamwise and normal directions,
was employed, with the error in each finite-difference
approximation the order of the square of the step slze,

It was determined from preliminary calculations performed
for this study that, at least for leading-edge stall,
results are virtually unaffected by assumlng quasi-steady
flow in the boundary layer. That assumptlion was therefore
employed for all flutter computations, to take advantage




(1) LAMINAR BOUNDARY LAYER
(2) LEADING-EDGE BUBBLE
(3) AIR FOIL AND VORTEX WAKE

{a) ATTACHED FLOW

(1) LAMINAR BOUNDARY LAYER
(2) DEAD-AIR REGION

(3) AIRFOIL AND VORTEX WAKE

{b) LEADING-EDGE STALL

Figure 1 FLOW ELEMENTS
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of the resulting substantial savings in computer storage
requirements and computing time.

Dead-Alr Reglon.,—The functlon of the model of the
dead-alr region Is to define the streamwise distribution
of pressure 1n that region, glven the locations of the
separation and recovery points and the pressure at the
recovery point. The dead-alr region is assumed to consist
of a laminar constant-pressure free shear layer from sepa-
ration to transition, a turbulent constant-pressure mixing
reglon, and a turbulent pressure-recovery region. The
laminar shear layer 1is analyzed by the method of Ref. 12,
assuming quasi-steady flow. The turbulent mixing and
pressure-recovery reglons are analyzed using the steady-flow
momentum integral and first moment equations. Profile
parameters in these regions are assumed to be universal
functions of a dimensionless streamwise coordinate, with
those functions derived from an exact viscous-inviscid
interaction calculation. Matching of approximate solutions
for the mixing and pressure-recovery reglons at their inter-
face completes the analysis.

Leading-Edge Bubble.—The leading-edge bubble on an
unstalled airfoll 1s analyzed using the same basic relations
employed for the dead-alir region. Given the boundary-layer
parameters at separation, the length of the bubble and the
amount of pressure rise possilble, for that length, in the
pressure recovery reglon, are computed. That pressure
rise 1s compared with the rise in pressure in the potential
flow over the length of the bubble, If the latter is
greater than the former, the bubble 1s assumed to have
burst, and the stall process is initiated.

Loading Calculation Procedure.—Calculations proceed
by forward integration In Time, using the blade motions
derived by 1integrating the equations of motion of the
elastomechanical system. If, at a given instant, the
ailrfoll 1s not stalled, the potential flow is computed,
and the boundary layer and leadling-edge bubble are analyzed
to check for bubble bursting. If the airfoll 1s stalled,
the pressure distribution in the dead-air region is com-
puted, the potential flow evaluated, and the boundary layer
is analyzed to locate the separation point. The last two
steps are repeated iteratively until assumed and computed
separation points agree. Rate of growth of the dead-ailr
reglon 1s determined from an estimate of the rate of fluid
entralnment derived from the potential-flow solution.
Unstall 1s determined by first postulating its occurrence
and analyzing the leading-edge bubble which would then
form to ascertain whether that event did in fact occur.




During unstall, the dead-alr region 1s washed off the
alrfoil at the free-stream speed.

Elastomechanical Representation
The equations of motlion for a rotor blade with flapping,

flapwise bending and torsional degrees of freedom can be
written in the form (Ref. 3)

M
e + B 88 946 + g 2y, -R @g° Eﬁfigl
a r° D Mg dr° A b Mgp
_ Rb Fg
T W
UO
2 2
g M To . oy . gele
2 " b M 2 g g M 1
ar gg dr uf)
_ o Tg
v Mag
2 2 2
del+EMBedhﬁ+bM¢e dh¢+529
ar® R Mgg g.2 Mg o gr® 6 1
— 5 T b T
paf gl - af By
06 06
b Fy
Ul
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where hg and h
and bending, resg

are tip displacements due to flapplng

ectlvely, in semichords, 81 1s torsilonal
displacement at the blade tip and the frequencies* are the
following functions of rotational speed:

— T — _ — T
BB o 454
T
— 2 —_ 2 =2 "66
w = - e
e “6, 2 Moo

The 1nertial and centrifugal-force coefficients are
given by

R
2 2
Mg = (r + 5§)° mdr, Myg = / m £~ dr,
6 L)
R
- ’ 2
Mee = / Ie fe dr,
)
R
Mg = -/ mxm(r—s)fedr,
)
Mge = - f mxm f¢ fe dI‘,
)
R
T = - r (r -46)madr
L)

*Barred quantities are dimen81on1e§§ frequencies,

Uo/D
being reference frequency; e.g., Q. = Q b/Uo‘

E



T‘ --lﬁe’

R
/
Tzfe [ (r - &) fgf fgm x dr
L

The complexity of the aerodynamic representation pre-
cludes evaluation of the generalized forces Fg , Fy and
Fg by the usual strip approximation. It was felt ‘essential,
however, to retain both translational degrees of freedom in
the investigatlon of the forward-flight problem, so a
simple two-dimensional model of the dynamlcs could not be
used., Therefore, a two-dimensional airfoll suspended in
such .a way as to have three degrees of freedom was analyzed.
Inertial and stiffness parameters were assigned to make the
coupled natural frequencies of the two-dimensional system
match those of the rotor blade.

The system analyzed 1s shown schematically in Figure 2.
The matching of the two-dimenslonal system with the blade
dynamics proceeds as follows. Three generalized coordinates
are first defined to correspond to those of the blade,
Clearly, angular displacement 67 should correspond to blade
torsional displacement at the b}ade tip. The counterparts

of flapping and bending, ZB and Zﬁ, respectively, are
defined by

- 2 2
where Al = — ) =7z Ae = 7 _¢? ’
w ¢ - (.OB w ¢ - wﬁ
(; 2 Py 2)( p” 2 52)
5 . (e A : 1)
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L L L L /L L L L LS

Figure 2 TWO-DIMENSIONAL ELASTOMECHANICAL SYSTEM



=2
and  ©.% = (k,/m)(b/U )%, 1 = 1, 2.

With the above definltlons, Zg + Z = -h to give the
correct translational correspondence.

It %én further be
shown that the uncoupled natural frequencies of the two-

imensional system match those of the blade, provided

2 2 2
<k9+k1151+k2132><b_> _ g
S S Uo ®
— 2 = 2

while @, and ¢02 satisfy

o2 2 S 2 5,2

— 2 — 2 — 2 -2

W+ (1 + mz/ml) wot = WS (2)

By comparing the generalized masses of the two systems, 1t
follows that

2 _ 2 2
my b°/I = - Ay Mg b/(MeeR)

Ao/hy = Mg /(Mg R) =

m

The last relation, together with Eqs. (1) and (2), fixes
m2/m1:

L

— -4
' 1 A w A w
ny/n, - (1 + m)( g + m 3 )

( A —b + isgg)e

Equating the corresponding coefficlents of the characteris-
tic equations of the two systems provides three additional

relations, which can be solved for the coupling parameters

X, lsl, 132. That calculation is outlined 1n Appendix B.

15
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To complete the matching, quasi-steady approximations
to the damping terms of the flapping equations are equated
with the result that

r M
m _ - 4 _R BB
1 M(-4p) R g° [1- (ro/R)Y]
L 1l - (I‘ /R)2
U/U, = 1+ 3| (r:/R)E g siny

where rg = Uy. The aerodynamic reference radius rg was
selected to be .75R.

The angle of zero restraint in torsion was varied
periodically to approximate the effects of cyclic pltch
variation in forward flight, according to the formula

6 = o [1 - 2 (R/rg) & sin w]

This variation gives nominally constant 1ift.

The equations of motion were solved by integrating
analytically, using linear extrapolations to approximate
the variation of 1lift and aerocdynamlic moment over the
interval of integration. This scheme was found to give
satisfactory results, provided the time interval of Integra-
tion 1s no longer than about one fifth of the period of the
coupled mode having the highest natural frequency.




RESULTS OF COMPUTATIONS

Conflgurations Analyzed

Vibrational and aerodynamic characteristics of the
blade analyzed were selected to correspond to those of the
model rotor blade described in Ref. 2. That blade 1s un-
twisted, of constant chord, with offset flapping hinge.

Pertinent dimensionless parameters of the model blade are
listed in Table 1.

TABLE 1

BLADE PARAMETERS FOR NOMINAL CONFIGURATION

Parameter Value
b/R L0435
5§/R . .0543
rO/R 74
“’90/ “g, 3.69
PR b2/Mb .00431
xm/b 216
m R/Mb 1.055
’ -4
Ig /Mb R 3.51 x 10

Two elastomechanical configurations in addition to the

nominal one were analyzed. One of these had caeo/coﬁb = 2.5,

with all other parameters as listed in Table 1.
The third configuration had xp/b = .108, with the remaining
parameters as listed in Table 1.

The bending mode shape, whlch was computed by a
finite-element method, was found not to vary apprecilably
over the range of rotational speeds of interest. The mode
shape for wg /@ = 1.26, which 1s plotted in Figure 3,
was used for ail computations. The torsional mode shape
for the nonrotating blade, alsc shown in Figure 3, was used
to evaluate torsional inertia parameters,

17
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Figure 3 BENDING AND TORSION MODE SHAPES




The test blade had a NACA 23012 section. The
variation of static 11ft and moment coefficients with angle
of attack for this section were computed from a series of
transient pltch calculations, and are shown in Figure 4,
together with the measured section characteristics, from
Ref. 13. The aerodynamlc model is seen to gilve nearly the
correct maximum 1ift, but at a slightly lower angle of
attack, and, as indicated from the variation of Cp c/b> the
computed center of pressure 1s somewhat further aft than
that of the actual airfoll section below the stall angle.

Stabllity in Hover

Initlal calculations were performed for hovering flight,
with the nominal configuration, to allow a direct comparison
with the test results of Ref. 2. First, rotor speed was
varled parametrically, with the collective pitch at a value
well below the stall incidence. A classical bending-torsion
instability was encountered at Q* = QR/(wg, b) = 5.3
with @p/ wg = ,803. The variation of bending, flapping,
and torsional 8isp1acements wilth azimuth angle at flutter
onset are shown in Figure 5, By way of comparison, tests
(Ref. 2) ylelded classical flutter at about Q* =T.1
with wp/ wg, = .72, ‘

It should be noted that since the system stability was
analyzed by direct simulation, a precise point of linear
instabllity was not computed. The values of Q* at onset
of a linear instabllity, both for hover and forward flight,
were obtained by successively increasing or decreasing rotor
speed, 1n small steps, untll the transient response changed
from convergent to divergent, or visa versa. The maximum
error in the value of flutter speed, for the results pre-
sented here, 1s estimated to be about three percent.

Susceptibllity of the system to stall flutter was in-
vestigated next, It was found that a torsional 1limit cycle,
at approximately the highest coupled natural frequency of
the system, could be triggered for Q* as low as 3.4,
Computed blade motions for stall flutter at Q* of 3.5
are shown in Figure 6,

For Q* below 3.4, a limit cycle could not be set up,
regardless of the 1nitial conditions or the collective pitch
angle., Severe osclilllations involving repeated stall and
unstall could be made to occur by imposing a large initial
bending deflection. However, the flapping response modu-
lated the torslional response, and caused continuous stall
and/or unstall of the blade over a slgnificant portion of

19
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a revolution, due to the large plunging rate generated by
the flapping motlon. An example of thils occurrence 1s

shown in Figure 7. Thus, while stall flutter involves only
the rotational degree of freedom, the results obtained
indicate that the minimum speed for its occurrence 1s deter-
mined by coupling with a translational degree of freedom.

Results for the hoverling case are summarized 1n
Figure 8, which compares computed and measured flutter
speed and frequency, plotted against collective pitch angle.
No upper limit in collective pitch angle for the occurrence
of stall flutter was calculated, since that limit would
depend strongly on 1nitial conditions, and so would be
arbitrary. Quantitative differences between the computed
and measured stablllty boundaries of Flgure 8 can be attrib-
uted in large part to the use of a two-dimensional aerodynamic
model, which cannot precisely reproduce the aerodynamic
coupling between the rotatlonal and translational degrees
of freedom.

From the baslc similarity of the computed and measured
stability boundaries and the character of the computed in-
stabilities (Figures 5 and 6) it can be concluded that the
aerodynamic and dynamic models formulated are capable of
reproducing both classical and stall flutter as experienced
by a rotor blade, and so can be employed to investigate the
forward-flight problem.

Stabllity in Forward Flight

The nominal configuration was analyzed next for an
advance ratio of .l. Computations were carried out in the
same sequence as for hovering. First, the rotational speed
at which classical flutter occurs was determined. Then,
stall-related instabilitlies were investigated.

A linear bending-torsion instability of the Floquet
type (Ref. 14) was encountered at Q* = 5.2, Blade
motions as a function of azimuth angle at flutter onset
are shown in Figure 9. The torsional and bending dlsplace-
ments are seen to display the aperlodic character typlcal
of this type of instability. The flapping motion is the
steady-state response to the cyclic pitch variation.

An instability analogous to stall flutter in hover was
found to occur for §* as low as about 4.4, with collec-
tive pitch angle greater than 12 deg. Blade motlions for

Q* = 4.8 are shown in Figure 10. The torsional displace-
ment time history, while not strictly periodic, 1s nonetheless

23
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brought about by successive stall and unstall. The azimuth
positions at which those events occur are marked by (S) and
(U), respectively, on the ¢ -scale.

The blade motions for the type of instability shown in
Figure 10 are not of the same character as those of particu-
lar concern in the limiting of helicopter performance, in
that the excessive torslonal displacements shown in Figure
10 persist over a complete revolution of the blade. The
control load time history, taken from flight test (Ref. 6),
shown 1in Flgure 11 illustrates the type of stall-related
blade motions usually encountered at a thrust level or
forward speed near the upper limit of an alrcraft. ILarge
oscillations in the control loads, presumably deriving from
blade torsional oscillations, are seen from Figure 11 to
persist only between about ¥ = 270 deg and v = 400 deg,
rather than throughout a complete revolution of the blade.

A torsional displacement time history closely resembling
the variation of control loads in Figure 11 was obtailned
for Q* less than 4.4, for collective pltch angles between
12 and 13 deg. Results for two typlcal cases are shown in
Figures 12 and 13. The occurrences of stall and unstall
are indicated on the abscissas., The large oscillations in
torsion are clearly related to stall, but thelr persistence
is not the result of successive stalling and unstalling,
as would be the case for true stall flutter. The blade
appears to be responding to the sudden changes 1in aerodynamic
moment at stall onset and unstall, as can be seen by compar-
ing the variation of moment coerfilclent shown in Figures 12
and 13 with that of torsional displacement, and notlng the
azimuth positions at which stall and unstall occur. There
is some cyclic stall-unstall within the stall zone evident
in the results, particularly at the higher rotor speed
(@* = 4,15, Figure 13). However, the major contributors
to the oscillations appear to be the initial and final
pulses associated with stall and unstall upon entering and
leaving that zone. There are, in general, two cycles of
torsional oscillation of excessive amplitude after the blade
unstalls the last time on a given revolution. The response
can be regarded as transient, on a localized time scale, or
forced, when viewed on a scale of several rotor revolutions.
The severity of the response 1s apparently due in part to
the suddenness of load changes at stall and unstall, and
partly to the relatlive lack of aerodynamic damping in pltch,
particularly when the blade 1s not stalled.

If the collective pltch angle 1s increased, the blade
does undergo stall flutter, as seen from the time history
plotted in Figure 14, “These results are for the same rotor
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speed as those of Flgure 12, but with 6, increased from
12 deg to 14.3 deg. Successive stall and unstall persists
over the whole revolution of the blade for this case.

It could be aigued that the blade torsional oscillations
of Flgures 12 and 13 are still a manifestation of stall
flutter, even though successive stall and unstall is not
taking place, since the aerodynamic moment zan undergo
unstable varlations when the blade remains stalled through-
out a cycle (Ref. 4). It may, in fact, be the case that
the large deflections do result partly from that effect, so
choosing to term them as simply a response may be somewhat
misleading. On the other hand, the solutions are distinctly
different from what 1s definitely stall flutter obtained
both in hover (Figure 6) and in forward flight (Figures 10
and 14) so that label would seem to be even less appropriate.
Further, the persistence of the oscillations after exit from
the stall zone 1s clearly symptomatic of a response, so, for
lack of a more precise term, solutions of the type shown in
Figures 12 and 13 are 1ldentified in what follows as exces-
sive response.

Linear Stability Boundaries

The value of Q" at the onset of linear instability
was determined for the three configurations considered,
for advance ratios of 0, .1, .2, and .3. The effects of
advance ratio and torsion-bending frequency ratio on linear
stability are shown in Filgure 15, where Q* 1s plotted
against p for two different frequency ratios. Increasing
advance ratlio 1s seen to cause some decrease in flutter
rotational speed, with most of the decrease occurring
between advance ratios of .1 and .2. The substantial de-
crease in frequency ratio, from 3.69 to 2.5, caused only
about a 4 percent reduction in flutter speed over the range
of advance ratios considered. The insensitivity to frequency
ratio can be attributed to the large chordwlse mass imbalance,
which produces the same effect in classical binary flutter
of a wing (Ref. 15).

The effect of chordwise mass 1imbalance on linear sta-
b1lity 1s shown in Figure 16, where Q* at flutter onset
1s plotted against u for values of xp of .216 and .108
semichords. As one would expect, the reduction 1n xp, and
hence in the coupling between bending and torsion, causes
a substantial increase in the flutter rotational speed.
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Stall Flutter and Response Boundaries

The effect of forward speed on stall-related instabili-
ties for the three configurations was investigated by
systematically varying the collective pitch angle and
advance ratio, with . * equal to 3.89., 1In order to relate
the results to rotor performance, a mean 1ift coefficient
C1, 1s defined, according to

_ I
C = 7S

L 2

P 2T R™D

where 1 18 the time-averaged 1ift per unit span at the
aerodynamic reference radius. This coefficient 1s, to a
good approximation, directly proportional to the thrust
coefficlent (see Ref. 16). The two-dimensional aerodynamic
model does not provide a good measure of Cy, when the rotor
is partially stalled, so Cy, was computed assuming it varies
linearly wilth the collectlve piltch angle, using the formula

Oy = alw)(e, + .0217)

The slope a and zero-1lift collective pitch angle of -.0217
rad were obtained from calculations of Cy, for the nominal
configuration with stall precluded. The variation of a
with up 18 shown in PFlgure 17.

The results obtained for the nominal configuration are
summarized in Figure 18 as a plot of Cp, vs # . As thrust
18 increased at a glven H , the rotor 1s seen to first
encounter a region of excessive response, of the type dis-
cussed previously, and then, for # of .2 or less, a
region where stall flutter occurs. Increasing advance
ratio has the effect of suppressing the tendency for stall

flutter. At # = .2, stall flutter occurs at Cy, = .85,
but a further increase in Cy, results 1in excessive response
agaln. At 4 = ,3 a limit-cycle type of oscillation

could not be triggered at all., As a result, stall flutter
is confined to a region somewhat as indicated by the shaded
area in Figure 18.

The suppresslon of stall flutter at high advance ratio
i1s apparently caused by an effect simllar to the one en-
countered at low rotor speed in hover, whereby the flapping
motion prevented a limit cycle from occurring, This can be
seen from the blade motions obtained for u = .3 and




a- md'l

4.0
——
35
30 N
2.5
0 0.1 0.2 0.3 0.4

ADVANCE RATIO, p

Figure 17 VARIATION OF a=dCy /df, WITH
ADVANCE RATIO

37




7k
1 staL 2 A
FLUTTER //‘
5 108
5
— //) EXCESSIVE
o 09 NFF RESPONSE
; N
L /
3 %
E 0.8 <
-
4
o
W o7
SYMBOL  TYPE OF SOLUTION
0.6 X STALL FLUTTER
a EXCESSIVE RESPONSE
o STABLE (NO STALL)
0.5 , —
0 0.1 0.2 03

ADVANCE RATIO,

Figure 18 STALL STABILITY BOUNDARIES FOR Q* = 3.89, wgo/weo = 3.69

38

AND Xm/b = 0.216




Cr = .78, plotted in Figure 19, On the first revolution,

as the blade enters the stall zone on the retreating side,
1t appears that a limit cycle 1s being set up, with repeated
stall and unstall cccurring. However, at about vy = 420
deg, the flapping motlion has bullt up in response to the
large cyclic pitch changes, producing a negative plunging
rate sufficlent to keep the blade unstalled over the remain-
der of 1its passage on the advancing slide. Then, when the
blade again enters the stall zone, the large positive flap-
induced plunging rate precludes unstall until exit from

the stall zone at about ¢ = 670 deg. As a result, the
blade subsequently undergoes excessive torsional response,
rather than stall flutter.

The effect of torsion-bending frequency ratio on stall-
related instabilitles can be seen from Figure 20, where Cy,
is plotted against # for wg /wyg = 2.5, No instance
of excesslve torsional response occurred with this config-
uration for an advance ratio of .2 or less. Instead,
limit-cycle type oscillations were set up, with almost no
evidence of suppression by the flapping motion, even at
relatively high values of Cp with p» = .2, At o= .3,
however, only excessive response was obtained, similar to
the results for wg,/wyg, = 3.69.

The marked deterloration in stability at the lower
frequency ratio 1s apparently associated with the lessened
linear stability of the system. The configuration with
Xp/b = .108, which is more stable, in the linear sense, than
fhe nominal one, exhlbited a trend opposite to the one re-
sulting from a decrease in frequency ratio. The results
for the smaller mass center offset, shown in Figure 21, are
similar to those of the nominal configuration, Figure 18,
but the region in which stall flutter occurs is somewhat
reduced, there beilng no occurrence of stall flutter at an
advance ratio of .2. Also, the amplitude of the torsional
oscillations in the region of excessive response is con-
siderably reduced, as evidenced by comparing the blade
motions plotted in Figure 22, which are for w» = .1,

Cr, = .95 and xp/b = .108, with those of the nominal config-
uration plotted in Figure 12,
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CONCLUSIONS

An analysis has been performed of the aeroelastic
stabllity of a helicopter rotor blade in hovering and
forward flight. An analytical model of an alrfoll under-
going unsteady stall and an elastomechanical representation
including flapping, flapwlse bending and torsiocnal degrees
of freedom were employed in the study. The followling con-
clusions can be drawn from the results obtailned.

1, Analysis of aerocelastic stability for a
hovering rotor demonstrated that the aero-
dynamic and dynamlc representations developed
are capable of reproducing classical and
stall flutter.

2. While stall flutter 1s an instabllity
involving a single rotational degree of
freedom, the minimum rotatlonal speed
for 1ts occurrence, in hover, 1s determined
from coupling with a translatilonal degree
of freedom.

3. In forward flight, the rotor can undergo
a linear 1instability analogous to classical
flutter and a stall-induced flutter whilch,
while not manifested by a strictly perlodic
limit cycle, has the same basic mechanism
for 1ts occurrence as stall flutter of a
hovering rotor.

4, The large stall-related torsional oscillations
which 1limit forward speed and thrust are
primarily the response to the rapld changes
in aerodynamic moment which accompany stall
and unstall, rather than the result of an
aeroelastic instability.

5. Linear stability 1s relatively insensitive
to advance ratlio for advance ratios as
large as .3.

6. While excessive response due to stall occurs
at high advance ratio, stall flutter is pre-
cluded by the large flap-induced plunging
rates,




The severlty of stall-related instabilities
and response depends to some extent on
linear stability. Increasing linear sta-
bllity lessens the susceptibility to stall
flutter and reduces the magnitude of the
torsional response to stall and unstall.
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APPENDIX A

PROGRAM LISTING




APPENDIX A
PROGRAM LISTING

A listing of the FORTRAN coding of the computer program
follows. The program was written in FORTRAN IV for use on
an IBM 360/75 computer,
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c MAIN 2
C PROGRAM TO ANALYZE UNSTEADY AIRFOIL STALL MAIN 3
c MAIN &

CCMMON /BL1/ NTIME, NDIMC , ISTD
CCMMON  /CLCMBL / CLVB , CMVB , CMPAVB
C - L SETUPSL?
COMMON /INPTVB/  FTVB(64), FPVB(64), FPPRVB{G64), DIDRVR(64), SETUPS1S
A XMVB (64), DELVS, XMUV B, FOVB, XMUAVS, - SETUPSL9
B ATOVR, ATCVS, ATSVS, ROVB, RVBL64), SETUPS20
e MVB(64) , NVA . SETUPS21
c SETUPS22
COMMON /INPUTS/  NSBL, NZ, NOFF, NGAM, NSIG, SETUPS23
A NI, NEORD, LOWER, MSTNP, MAX T, MOTR, SETUPS24
8 NOTBL, INDV,  ELSIGy,  DXI, REB, RDAB, SETUPS25
c FRZ, ARR, AMPLU, FREQU, ALPH1, ALPH2, SETUPS26
D HE AVE, AROT, FREQF, PHIH, CNY, RYL,  SETUPS27
£ DRY, Y{100), TEST, UPRIM, XUt 300, YU{30), SETUPS28
F XL(30), YL(3D), ERl,y ER2, ER3, BN3R, SETUPS29
[ RRDBR SETUPS3Q
Hy CMPA, CMPAS, BARG, EMl, HVOR, NVOR, SSPA, SVOR, VORF, X1VOR
-1, PLOTOP, PSTLOW, PSIUP
J + NOUT L o o

- COMMON7 2127 Z(3)

c i SETUPS3L
‘ e .
c DIMENSION USAV(300,100) ,SCALS (300) o MAIN 5

B “DYMENSTION USAV(L ,1 ) ,SCALS(300) MAIN 5

DIMENSION CAMBR{24) yTHICK(264) MAIN 6
7 . . . v X 00V, X{300),MAIN 7
1SBL(300) yXBSIG{100) ~ MAIN B8
T DIMENSTON ACAP(30,31,8CAPT100,3),A52730),AS130,30),85{30, 30),ASHIMAIN 9
1(100) 4ASH{30,30 ) ,8SH¢30,30 1,AR(30),ARH(100),UE(300,3) MAIN 10
vV . +« GAMAW( 100001, XTW('1000) = "MAIN 11
DIMENSION BLAM(30) ,FLAM(10},XFLAM(10) MAIN 12
DIMENSTON SCALET300+2)sU (1911 Y, UCU100,3),V{100,2) MATN 13

1 » P(200,7) o -

- . S S
c o

T DOUBLE PRECTSTON CMATT80,60 1,RNATII30)Y 77T TTTTTTHMAIN 1S
c \

T
DATA IN, MOUT, NF/ Svﬁo 24/ o
T ' " * 73.14159,0.91.04.75E4y 2,87 MAIN 18
DAYA FLAM e 15.1 750107241 105279 103549 1010663044529025MAIN 19
- 1%,.217 MAINT 20
DATA XFLAM /-100..-11 260~T720l9=3.489~-1.766y0es1.888,4.MAIN 21
103,6.77,7.197 MAIN 22
DATA DEGRES /1.74 53292 51994 3300-2/ SUPPL 38
S — e — . L. oUPPL 30
c
EQUIVALERCE (CMATUIT,USAVII) )V, VASHIT),SCALSTITY THEAINT 18
c
T T X
c
< - l VES ) - _ . .




I1STD= 1
RAD = 180, /Pl

IL= 8888
NDIMC= 60 L o
CALL "SFTUPS i S MATIN

NO 100 J = 1,300

SCALS(J) =0,

nec 100 ¥ = 1,100 ~ )
100  USAV (J,I) =0

IF(ISTD JEQ. 1) GN TO 40

40 : 'CONTINUE
c .
CALL RFADIN ( IL,& 60)
c S o MA IN
€ NOTE - CFFSETS ARE PUT IN AS LISTED IN THEORY DF WING SECTIONS, I.EMAIN
c . AS A FRACTION OF TOTAL CHORD, X1 BEING MEASURED FROM THE MA IN
C " (EADING EDGE. RE SURE NF IS AN EVEN NUMBER. MAIN
c - ' MAIN
YIME=0., 0 7 ) ) » .
NTIME=0
NWAKE= 999
1SEP=0
o TSEPT =0 e
IWASH =2
— UINF =1, T
PR— »L:o - - - .
T INDV=INOV#1 ] MA IN
WRITE (MOUT 46) ; MA IN
T PTTCH = ALPHL v T
IFLINDV ¢ MOTR  LE, 2) PITCH = PITCH — ALPH2 i
[F{INDV .EQ. 2) T 4
X AMPLU = 1.33333% XMJAVB ® (1.-ROVB®*%3) / (1. - ROVBE*4)
T IFU INDV.EQ. 2) FREQU= BOBR/RRDBR ~ ~ .
__ _IFUINDV «GE. 2) 6N TC 343 :
WRTTE(MOUT ,25) NVOR,SVOR,HVOR,BARG,XIVOR, EMI,TORF, SSPA  ~ MA IN
RY=R Y] . MAIN
‘HVOR=H VOR#3%32 e MAIN
AARG =BARG/6.2832 MAIN
343 CALL SECTIXU,YU, XU, YL,NOFF,NF,RDBB,TMCBB, CMDBBy THICK,CAMBR) MA IN
DN 7875 N=1NF MA TN
T = ot MAIN
T€75 THICK(N) = =THICK (N)*T MDBB MAIN
T TWRITE(MNOT 4] T MAIN
WRITE(MOUT (T) AMPLU.FREQU.ALPH[.ALPHZ.HEAVE.AROT.FREQF'RDBB REB MA IN
—RRITETHUUT—B) MA IN
WRITF (MOUT,9) (N,CAMBRINY ,THICK{N)¢N=1,NF) MA IN
T WX=NSRLFNZ=T T T MAIN
CALL SCAL{SBL,NSBL,FRZ,ARR,RORB) MAIN
CAct—tURernssthz—nusu—SBL.x.xcv o MAIN
DO 2420 M=) 4MX ' MAIN
TTFUXCTMT 1.7 zszo.zsx9.z~19 M MAIN
2419 MEND =M~1 - MAIN
GO YO 2421 T MAIN
2420 CONTINUE ) MAIN
2421 MYX=MEND o o MAIN
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MXM1 =MX-1 MAIN 95
UE(MX+1,10=1, MAIN 96
EPSLE=2,*(X{NZ)=X(NZ-1)) MAIN 97
FPSTE=X{MX)-X{MX-1) - o ) i MAIN 98
ALTC=8.36F4/SQRT({RER) MAIN 99
IFt 1STD.EQ. 1) GN TN S50
DO 2422 M=1 ,MX MAIN 100
SCALE (M,1) =0. - MAIN 101
SCALE (M, 2)=0. MAIN 102
qug§22 N=Lo NY _ _ MAIN 103
U(MyN,y1)=0. MAIN 104
2422 U(MyNy2¥=0., MAIN 105
SC CONT INUE
NSIGA=NSIG - MAIN 106
NSIGR=NSI3 MAIN 107
NSIGL=NSIG+1 o S ] MAIN 108
MOTR=MNTR+ 1 MAIN 109
NOTBL=NNTBL¢L } MAIN 110
XMAX=1,-ELSIG MAIN 111
CCNA=,375*P1/0XI o , _ MAIN 112
ANGS=PI/FLOATINSIG) MAIN 113
CALL SETSX(NSIGL 414142+ ¢XSIGy ANGS ) L MAIN 114
XSEP=1.1 MAIN 115
DO 2430 N=1,NSIGL L o N MAIN 116
XSIGB(N)=XSTG (N) ’ MAIN 117
2430 XSIGA(NY=XSIG(N) S ] v o MAIN 118
DO 2431 N=1,NSIG MAIN 119
DC 2431 NU=1,3 ] o MAIN 120
2431 BCAP(N,NU)=0. MAIN 121
_ PINT=2,/FLOAT{NCORN) S o MAIN 122
NCP1=NCORD+1 MAIN 123
THXI=1.5/0X1 S o ~ MAIN 124
NGPL=NGAM¢ 1 MAIN 125
NWML =NWAKE -1 B MAIN 126
COUNT=0. . MAIN 127
DO 8456 N=1 ¢NWAKE MAIN 128
TGAMAW(N)=0. o : - ' MAIN 129
XIW{N)=1.+COUNT - ] , MAIN 130
" 8456 COUNT=COUNT+DXI : R - ’ MAIN 131
ANGLE=PI /FLOAT{NGAM) - MAIN 132
COUNT=0. T MAIN 133
) DO. 1002 M=1,NGP1 L MALIN 134
T T T T PRIM=COUNT*ANGLE : MAIN 135
XGAM (M) 2COS (PHIM) ~ MAIN 136
DCUNT=2, ) T T MAIN 137
DO 1001 N=2 yNGAM _ MAIN 138
AS(M,N) =COS (DOUNT *PHIM) TTTMALIN 139
10C1 DOUNT=DOUNT+1. . MAIN 140
1002 COUNT=COUNT+1. - T T T T UMAIN 141
CALL WASH(XGAMyNGAM,TIME,ALPHL, AL PH2y HEAV Ey ARDT , FREQF,P HIH, UINF yCAMAIN 142
T TTTIMBRLNF L VITP LI, 1) MAIN 143
DO 8458 M=l 4NGP1 MAIN 146
TRATTH, 1=, - &T
TEMP=2 , #VZI P(M) . : MAIN 148
"""""" - TTTTTTTTO"MAIN 149
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CMAT{M,2)=XGAM (M)
DO 8457 N=3,NGP1
8457 CMATIMyN)=AS{M,N-1)
8458 CONTINUE
CALL ALSOLUNGPI ,CMAT ,RMAT)
DO 8459 N=1,NGPL
ACAP(N,L)=RMAT(N) ~
ACAP(N,3)=RMAT (N)
845G ACAP{N,2V=ACAPIN,1)
DO 2784 M=l 4MX
SIGN=1.,
IF{M=NZ) 2774,2775,2775
2774 SIGN=-SIGN

MAIN
MATN
MAIN
HMATN
MA TN
MA [N
MAIN
MAN
MA TN
MAIN
MAIN
MA [N
MA TN

2175 CALL QECAL{ISEP,NGAM/NSTGyNFyXS IG+ACAP, BCAP, THICK,RCB8, GAMAW( L), UITMAIN

INF XC{MY,UFTM, IV ,SIGNY ™
2784 UF(My2) =UE(M,1)
DO_TD_O—“ 2 NGAM . o

MAIN
MA IN
MA IN

1004 BLAM({M)=(1,125%XGAM( M)+, 1875%(1 . +XGAM (M) I *(1o-3 ,&XGAM(M ) IXALOGI {1 MAIN

L+ XGAMIMY ) 7T L. =XGAM{ M) Y1) 7OXT
BLAM{NGP1l)=-1.125/DX1

MA TN
MAIN

CALL CLCMINCOT ,ISFP ,NGAM,XSTGyNSIG,XSIGAyNSTIGA, XSIGB,NS1GB4ACAP yRCMAIN

1AP, THICKRDBB 4GAMAW , UINF ,UDOT 4DX [, AROT, CMPA)
’ TF T ITNDV .EQ. 2] '
1CALL SuPPL
¢ - e e,
C INDEXING IN TIME [S CARRIED OUT AT THIS POINT.
c - XIN AT TRIS POIND

$559 CCNTINUE
" TTALL ACUCPUT TACU )
_IF( TACU .LT. 35000 ) GO TO 99

NOTE — FOR READ-IN CF FCIL MOTIONS, MAKE ALPHL = ALPHA,
7 TALPHZ = ALPHA-DOY, AND HEAVE = H-DOT, ~

T TIFINCTR LEQ. 2] _
XREAD(IN,2,END=8989) ALPHl,ALPH2,HEAVE
- 1S8 NITS=] T
TIME=TIME+DXI
N _ £+ , IR
NWAKE=NTIME+2

loo o

T T IFUNWARKE-9987 202,201,201 T

201 NWAKE=998

202 TF{MAXT-NTYMEY 8989,8800,8800 o
8800 SAVFU=UINF :
T t= L+1
P{L,1) = BCBR / RRDBR * TIME ® RAD

PSI350= AMODU PIL,IV ; 3560.) —

UINF=1.+AMPLU*SIN(FREQJ*T [ ME) B
TTFUINDV EQ. 2] T
XCALL SUPPL (UINF)

T TTPITCH = ALPHI

STEPX=.5*DXI*( UINF+SAVEU) o
DO 1003 J=2 ,NWAKE

IF(INDV + MOTR .LE, 2) PITCH = PITCH — ALPH2#COS{FREQF¢TIME)

MA TN

MAIN
MAIN
MAIN
MATIN
MAIN

MAIN
MAIN
MAIN
MAIN

MAIN
MAIN
MAIN
MAIN
MAIN

"MAIN

MATIN
MA IN
MAIN

MAIN
MAIN

MATIN
MAIN
MAIN
MATIN

150
151

153
154
155
156
156
157
158
159
169
161

162
163
164
165

167
168
504
505

169
170
171
172

175
176
177
178

174
182
183
184
185
186
187
188
189

190

475
191
192
193
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JC=NWAKE~J42

MAIN 194

GAMAW(JC)=GAMAW(JC~1) MAIN 195

10C3 XIW(JC)=XIH{JC-1)+STFPX MAIN 196

‘ IF(ISEP) 2009,2009,2007 MAIN 197

2CC7 DG 2008 N=1,NSIG MAIN 198

RCAP(N,3)=BCAP(N,2) MAIN 199

20C8 BCAP(N,2)=RBCAP (N,1) MAIN 200

N0 4433 N=1,NSIGL MAIN 201

XSIGR(N)=XSIGA (N) MAIN 202

4433 XSIGA(N)=XSIG(N) L MAIN 203

G0 TO 2010 MAIN 204

2009 DEADL=0. MAIN 205

ELNNT=UINF MAIN 206

2€10 DO 1014 M=l,Mx MAIN 207

UE (M,3)1=UE (M,2) MAIN 208

1014 UE(M,2)=UF (M,1) o o MAIN 209

DEAD1=DEADL MAIN 210

ELDL=ELDOT MAIN 211

ALAM (1)= (15 125+, TS#AL0G (STEPX*.5) 1 /DX I MAIN 212

DO 1005 M=2,NGPl _ MAIN 213

1005 ALAM{M)=BLAM(M) +.75% (Lo +{ L.—XGAM{M))/STEPX)®ALOG((1.+STEPX—XGAM(MIMAIN 214
1) /(1.-XGAM(M)) ) /DXI - _ MAIN 215

DG 2006 M=1,NGPI MAIN 216

 ACAP(M,3)=ACAP{M,2) MAIN 217

" 20C& ACAP(M,2)=ACAP{M,1) MAIN 218

. AFACT=8.%(ACAP(142)+,5¢ACAP(2,2))-2,#(ACAP(1,3) ¢.5%ACAP(2,3)) MAIN 219

ALPHS=VZIP (1) MAIN 220

CALL WASH{ XGAM,NGAM,TIME, ALPHL, ALPH2, HEAVE, AROT , FREQF,P HIH, UINF CAMAIN 221

TMBR,NF,VZIP,MOTR,INDV) MAIN 222

DO 1006 M=1,NGP1 - L MAIN 225

ASZ(M)=1.+2.*ALAM(M) MAIN 226

AS(My1)=XGAMIM) + ALAM(M) o o ~ MAIN 227

''''' SUM=0. MAIN 228
DO 4343 J=2,NWML MAIN 229

%343 SUM=SUMF (GAMAW(J) + (GAMAW (J+1) ~GAMAW(J ) ) ®(XGAM( Y I-XTH{JT )/ IXTW(J+LIMAIN 230

1-XIW(J)) ) *ALOGT (XIW (J+1)—XGAM(M) )/ (X TW(J)-XGAM(M))) MAIN 231

T T T ELX=1.-XGAM (M) o MAIN 232

IF(M-1) 1006,213C,1006 - o - o MAIN 233

7130 ELX=1. T MAIN 234
1606 AR(M)=2.‘VZIP(M)+ALAF(M)#AFACT/! +(SUM=GAMAN (2) (1 .-XGAM{M) )#ALOG(MAIN 235

r -X C X1/ PT MATN 236

c . e MAIN 237

TC T THE FOLLOWING CALCULATIONS, THROUGH STATEMENT 4444, ARE PERFORMED  MAIN 238

C ONLY IF THE ATIRFOIL IS STALLED. THE ATRFOIL IS DESIGNATED T0 8E MAIN 239

€ T STALLED IF INTEGER ISEP IS NONZERD. MAIN 240
c MAIN 241

TFUTSEP) 3247 ,4444 43247 MAIN 242

3247 GO TO (3344,3345),IWASH o - ~ - MAIN 243

3344 XSEP=XSEP*OXT T oo MAIN 244

[F (XSEP-XMAX]) 3248,3347,3347 o ) MAIN 245

“TT 3347 TWASH=2 T MAIN 246

1 SEP=0 MAIN 247
XSEP=I.1 MAIN 248

DO 3015 K=1,3 B MAIN 249

- DO 3015 N=1,NSIG TMAIN 250
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3015 BGCAP{N,K)=0. ST MA [N

GO TO 4444 : MAIN
3345 IF{INDT) 3348,3348,3248 MA IN
3348 IFINITS-1) 3248,3349,3248 MATN
3345 IF(INDV.EQ.2) GO TO 6349 T ’ MATN

IF(VZIP(1)-ALPHS) 6349,6348,6348 MATN
6348 NITS=2 MA N
GO 10 3248 MA IN
6349 CALL UNPOPINGAM, AR, ALAM, AFACT ,RMAT, CMAT X GAM, AS ¢ ACAP yMX ¢NZy 1¥4XSTGMA IN
1,BCAP, THICK yRI'BB {UI NF yXC,UE) MATN
6N YO 2785 R MA IN
3248 XATT=XSEP+DEADL +.5% (ELDL+ELDOT)*DXI MATN
NEADL=XATT-XSEP ) MAIN
NDIFF=1.~XATT MA IN

XTEST = XSEP + 3, * EPSLE -
CALL SETSX{NSIGL,XSEP,XATT,XSIG,ANGS) , MAIN
DO 443% N=1,NSIG MAIN
4434 XBSIGIN)I=,S*(XSTIG(N}+XSIGIN¢1)) MAIN
DO 3086 M=1,NGP1 o MAIN
DO 3086 N=1,NSIG MAIN
3066 BS(M,N}=0, - I MAIN
DO 3087 M=1,NGP1 MA TN
TTFUXGAMIMY -X5FP) 3088,3088,3080 T MAIN
3089 IF(XATT-XGAM(M)) 3187,3087,3091 MAIN
3C91 DO 3092 T=1,NSIG1 R MATIN
IF(XGAM(M)-XSIG(T)) 3093,3092,3092 MAIN
3093 MARK=T o MA [N
G0 TO 3096 MA IN
"TT3C97 CCNYINUE T MAIN
3CS4 WIDE S=XSIG(MARK)-XSIGI{MARK~-1) MAIN
BS(M,MARK-11=(XSTG (MARKY-XGAM{MY}/WIDES MAIN
BS(M,MARK) =( XGAM{M) -XSIG{MARK—1))/WIDES MAIN
N TTRSTML IV =SQRTTIXGAMTMI-XSEPY/ (XATT-XGANI{M))) MA IN
3068 IF(DIFF-1.E-6) 3087,3098,3098 MAIN
TTTT3TCE BSIMSITERSTN I TRDIFESR (=1 . 5) *SQRY(DEADL I ¥ [ 2. *DTFF+(SQRT ({1 ~XGAM{MMAIN
1)) 7(XATT=XGAM(M) ) ) =14 ) (4o EXGAM(M]) -1 . —3 ,*XATT)) MAIN
TGO TO 3087 ) MAIN
31€7 BS{M,1)=DIFF*%(-1,5)*SQRT({DEADL)*(3.+ XATT—4. #XGAM(M) ) MAIN
" 307 TONTINUE : oo ’ MAIN
c MAIN
T TSEY=UP OF YH¥ SECOKD SET OF EQUATIONS STARTS RERE. MATIN
c MATN
T DO 4350 K=1,NSIG T MAIN
IFIXBSIGIK)I=1s) 4348,4349,4349 . MAIN
T T %348 CCSK=XBSIGTK] - MAIN
SINK=SQRT(1.,—COSK*COSK) MAIN
T T YAFTK=ARCTICOSKY "7 MAIN
TANT=SIN{.5*THETK) /COS{ .5%THETK) MAIN
- = + oF <=3, FATHX I[#(PI- THETK+SINK+MAIN
1CONA®{1.+COSK) *SINK&*2) JUINF MA TN
- JIT=, = — T MAIN
COUNT=1. MAIN
DO 4355 N=Z+NGAM T T TTTWMAIN
COUNT=CDUNT#+1. MATN
T T IS5 ASHTK N =STNICOUNT¥TREYT KT #. 75 ¥ IS INTICOUNT # 1, J*¥THETKI/7(COUNT+ 1.}~ SIMAIN

251
252
253
254
255
256
257
258
259
260
261
262
263
264

265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304



INC(CCUNT=1,)*THETK) / (COUNT~1. ) )7 { DX I*U INF)

GO TC «350

ASHZ (K) =

DO 4359 N=l NG AM

ASH{KyN} =0,

CONTINUE

IFINIFF-1.E~6) 5005 ,5006,5006
PREC =0,

GO TC 5007

4349

4356
4350

50¢5

50C6

10BB,GAMAW,UINF ,UDOT, DXI.BCAP)
11 ,RER,USEP, X4 4CP1)

CPCT=CP1

DO 4800 K=1,NSIG

CORD=XBSIG (K)

ASHIK,1Y=-1.+THXIT*BINT (XSEP,XATT ,CORD)/U INF

DO 4808 N=2,NSIG

MAIN 305
MAIN 306
MAIN 307
MAIN 308
MAIN 309
MAIN 310
MAIN 311
MAIN 312
MAIN 313

CALL ATTPR{PRFC4XSIGsNSTIGoASZ¢ASy ARy CMAT s RMAT,NGAM,NF,ACAP, THICK ,RMAIN 314

MAIN 315

MAIN 317
MATN 318
MAIN 319
MAIN 320

MAIN 322

4808 BSHIK,N) =FBIXSTIG(N-1)4XSTIGIN},XSIGIN+1),CORD)I+THXI%GBIXSIGIN-1),XSMAIN 323

LIGIN) 4 XSIG {N+1) ,CORND) /UINF

CALL Estcl(z.NSIGA}i§i§i}aéA#;Cth.VAL1»
CALL ESIGI(3,NSIGR,XSIGB.BCAP,CNRN,VAL2)

MAIN 324
MAIN 325
_MAIN 326

ARH({K) =F PRESTKI+ (2. *VALL -.5*#*VAL2 )/ (DX T*UINF)

IF{CORD-1.) 5008,4800,4800

MAIN 321

MAIN 327

MAIN 328

"50C8 TALL EGAMT (2,NGAM,ACAP,BRCAP(1,2)+sXSIGAI1) XSTGA{NSIGA+L),GAMAW(2),MAIN 329

s 1CORD, VAL )

1CORD 4VAL2)

ARH(KT=ARHIKY+ (2. 2VAL1~-.5*VAL2) / (DXT#UINF )1+, 062 5%«AFACT*PI*( 1 .+CORDMAIN 333

MAIN 330

CALL EGAMI (3,NGAM,ACAP,BCAP(1,3)+4XSIGB{1),XSIGB(NSIGB+]l ),GAMAW{3),MAIN 331

MAIN 332

1) *(1.-3,#*CORD+ THXI * (1. ~CORD#CORD) ) /{ DX I #U INF ) MAIN 334

" 48C0 CONTINUE MAIN 335

4444 CONTINUE o ) MAIN 336

T T MAIN 337
C_ CALCULATIONS FROM THIS POINT ON COMBINE THE o _ MAIN 338

€ ~CASES OF STALLED AND UNSTALLED AIRFOILS. MAIN 339

c MAIN 340

T D0 6500 M=I.NGPL T MAIN 341

, RMAT (M) =AR(M) MAIN 342

- “CMATIM, 11=ASZ(M) o T . MAIN 343

DO 6485 N=1,NGAM MAIN 344

€4E5 CMAT (M,N¢1) =ASTN,N) MATN 345

IF{ISEP) 6486,6500,6486 L -  MAIN 346

64€6 DO 6499 N=1,NSIG MAIN 347
NGG=N+NGP1 MAIN 348

6459 CFAT(M,NGS 1=BSTM,N) T T T T T T U U MAIN 349

6500 CONTINUE MAIN 350

TF(TSEP) 6502,6501,6502 MAIN 351

6501 NTOT=NGP1 MAIN 352

" TGO YO 8751 T T ) MAIN 353

€5C2 DO 6750 K=1,NSIG MAIN 354
T T TKK=KeNG P e e - TUTTTTTMRIN 385

RMAT(KK) =ARH{K) MAIN 356
CWATTRR, IV = ASHZTK] MATN 357

00 6748 N=1,NGAM MAIN 358
TTTETAB CMATIKK, Ne TT=ASHIK,NY " 7 T ‘MAIN 359
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DO 6750 N=1,NSIG HAIN 360

NGG=N+NGP1 PAIN 361

6750 CMATI(KKyNGG)=RSH{K,yN) MAIN 352

NTOT=NSIG#+NGPL : o MAIN 353

6751 CALL ALSOLUNTOT,CMAT,RMAT) MAIN 364

DO 6800 N=1,NGPL MAIN 365

68CC ACAP(N,1)=RMAT (N} MAIN 366

IF(ISEP) 6805,6820,6805 ] MAIN 357

6ECS5 DO 6810 N=1,NSIG MAIN 368

NGG =N+NG P1 o A MAIN 369

6€10 BCAP {N,1Y=RMAT(NGG) MAIN 370

6820 CONTINUE L - MAIN 371

GAMAW(1)=GAML (ACAP,DXI,PL) MAIN 372

IF{ PSI360 .GE, PSILOW JAND. PSI360 LLE. PSIUP) GO TN 1736

DO 1785 M=1,MX ) MAIN 373

SIGN=1. ) MAIN 374

“IF{M=NZ) 1780,1785,1785 T MAIN 375

1780 SIGN=-SIGN MAIN 376

1785 CALL QECAL(TSEP,NGAM NSTIG,NF,XSI1GyACAP,BCAP, THICK,ROBR, GAMAW( 1) ,UIMAIN 377

INF ¢XC (M) JUE(MyL),SIGN) MAIN 378

27¢5 NN 8886 i=1,2 T 7 7 T MAIN 379

US2=UE{1l,1) MAIN 380

N0 8886 M=1,MXML T ’ MAIN 381

US1=UE {M,1) MAIN 382

UETM, 11 =TUST+USZ+UE(M+1,1)1/3., o o MAIN 383

€886 US2=USL S MAIN 384

T 60 T0 (8351,83531,IWASH . MAIN 386

8351 DO 8352 M=1,4X MAIN 387

‘83%7 SCALS(MI=0. T s MAIN 388

GO TN 1786 MAIN 389

8353 CALL YSETIRY1,Y(2),NY,Y) TTtrmtm ) MAIN 390

RY=RY1 MAIN 391

"7 D0 8354 M=1,MX T ) MAIN 392

8354 SCALS{M)=0. MAIN 393

T IF{INDV.EQ.2) GO ¥O 8370 T MAIN 395

IF{ISEP.EQ.0.AND.VZIP(1).LT.ALPHS) GO TO 1786 MAIN 396

T 8370 CALL STAGTMX,NY,FSTOP,MST,DXT,RY,DRY, X, Y,0E,UC,V,USAV,SCAL S, [SEP ) MAIN 397

LAMQ=1 MAIN 398

T T TTXSEPS=XSEP . T o MAIN 399

DXX=DXI ‘ : MAIN 400

- L] - L ] = .E3U—-“"_A""” a MAIN 40’.

8367 CALL BLF(X.Y.MST.WEND.NY.RV.DRV.DXX.REB'UPRIM.FLAM.xFLAMgTEST Uy SCMAIN 402

T T IALF,UE,UC,V,XSEP,USEP,DISP,THET A, LOWER,LAMQ, MSEP , XC, USAV, STALS,NITMAIN 403
1SoNTIME, NOTBL , XTEST, NZ, NOUT)

T IR UXSEP=XMAXY TT1356,7735,1735 o MAIN 405

7135 IFC(ISEP) 1786,1786,7736 MAIN 406

7736 DELCI=DISP T MATN 407

THET1=THETA MAIN 408

“INDT=I-LAMQ o o MAIN 409

IF(INDT.EQ.1.AND.NOTRL, EQ.2) GO TO 1786 MAIN 410

T U WRTTETMOUT 23 XSTGUI T, CPUT,XSEP Tt MATIN 411

IFUINDT) B462+84628463 MAIN 412

T T8%€Z TFVISEPY 85562485562 ,85563 ““ MAIN 413

85€3 IFINITS-1) 8562,8562,8562 v MAIN 414

S6€Z TFUTSEPYY 1742, 771428562 T MAIN 415

55



85€2 CALL BUSB(DELL s THETL yRFByXSEP JUSEP X 59 DCP o DEL S X9 XCoMX oNZp X55U5,UMAIN 416

LE yALTC »RENEL ,USTOP) , MAIN 417
USEP=USE P+,002046%USEP**3 MAIN 418
PDIFF={USEP-US) * (USEP+YSY MAIN 419
WRITF(MOUT,22) POIFF,DCP MAIN 420
IF(DCP~PDIFF) 8263,8366,8366 MAIN 421

8263 1SEPT=0 MAIN 422

GO TO 8463 MAIN 423

8366 IF(ISEP) 8368,8368,8369 MAIN 424

8369 IF(ISEPT) B467,8467,8368 — _ MAIN 425

8467 TWASH=1 MAIN 426

NITS=2 ) MAIN 427

GO TO 3344 MAIN 428

8368 GO T0 (8168,41786) 4NOTRL . , MAIN 429

8168 CALL RFATTIUC,VsXyYsMXoNYRY 4y DRY UEy XS, DELS,MST 4REB) MAIN 430

] __LAMQ=0 , o o MAIN 431

GC YO 8367 MAIN 432

8463 IF(ISEP) T741,7741,7742 MAIN 433

7741 1SEP=] MAIN 434

NITS=NITS¢1 MAIN 435

TFCINDT) 7743,7743,7643 MAIN 436

1643 1SEPT=1 . MAIN 637

DXSEP=1,—-XSEP MAIN 438

 XSEP=.6%XSEP+.4 o o MAIN 439

~ CALL CPC{TSEP,NGAMyNFXSIGyNSIG,XSIGA,NSIGA,XSIGR,NSIGB,ACA®,BCAP,MAIN 440

LYHICK,RDAR yGAMAW,UINF,UDOT g14 yXSEP4NX I,CPL) MAIN 441

TGO 0 3248 MAIN 442

7742 CALL ELDER(BCAP 4XSIGyNSIG,UINF, ELDCT,SIGSUMs YMX) L _ MAIN 443

TF{TSFP.EQ. 1., AND. ISEPT.EQ.0.AND.NITS ., EQ.1) GO TO 9210 MAIN 444

IFUXSEP+.5) 7841,7842,7842 MAIN 445

7841 EPS=EPSLE ’ MAIN 446

GO TO 7843 e MAIN 447

" 7842 EPS=EPSTE - T ' i MAIN 448
7843 DXSEP=ABS{XSEP-XSEPS)  MAIN 449

IF{DXSEP-EPS) 7834,7834,9210 MAIN 450

7834 [F(XSFP-XMAX) 1786,1786,7835 . MAIN 451

TE€3s TSEP=0 T T T T MAIN 452

ISEPT=0 o B i MAIN 453

T 00 7836 K=1,3 T - MAIN 454
DO 7836 N=1,NSIG MAIN 455 _

7636 BCAPIN,K)=0. MATN 456

GO TQ 1786 A - _ MAIN 457

"7 79210 NITS=NITS+1 T ) MAIN 458
IF(NITS.€EQe2.AND.INDY.EQ.0) XSEPS=2XSEP ~ MAIN 459

- TFINITS=4) 9211,9211,1786 ’ ‘ N o MAIN 4560

9211 IF(XSEP-XSEPS) 93)5,9305,9306 MAIN 461
93C5 XSEP=.6%XSEPS+.4%XSEP MATN %62
GO Y0 9307 ° MAIN 463
T 93C6 XSEP=.6¥XSEP+. 4 *XSEPS T T MAIN 464
9307 IF(XSEP-XMAX) 9212,9212,7835 MAIN 465
" 9212 CALL CPCUTSEP NGAM NF,XSTG+NSTGs XSIGANSIGAyXSTGB,NSIGR,ACAP ,BCAP ,MATN 466
1THICK,RDBB yGAMAW yUINF,UDOT 414 4XSEP,DXI,CP1) MAIN 467

TFT NUlEC OEU. Z OKNUV RSEP .§|. U-’ RSEF.-.W

GO YO 3248 ) MAIN 468
YT TFUNTYS=IY TT137,7737,.3248 T Tt T “MAIN 469
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7727 NITS=NITS+#L

MAIN 470
ELNOT=ELDL MAIN 471
GO TQ 3248 MAIN 472
1786 WRITE(MOUT,20) NTIME MAIN 473
WRITE(MOUT,26) X1VOR T MAIN 477
PITC = PITCH * 180. / PI
2CS WRITE{MOUT ,10) TIME,UINF ¢XSEP XATT,PITC MAIN 473
__ALDFG= ALPH1/DEGRFS = SUPPL349
WRITF {6, 9001) Z,ALDEG,ALPHL , ALPH2, HEAVE SUPPL 350
IF( PS1360 .GE. PSTLOW .AND. PS1360 LLE. PSIUP) GO TO 1J1
TIF{ NOUT .EO0. 0}
1WRI TE (MNUT,11) o MAIN 479
IF{ NOUT .EQ. 0)
IWRITE(MOUT 412) (NyXGAMIN) yVZIPIN), ARIN), ACAPIN, L}, X TWIN ),GA AAW(N ) yMAIN 480
! 2N=1,NGPI) T MAIN 481
IF(ISEP) 7432,7433,7432 MAIN 482
743277 T TF{ NDUT .€EQ. 0) -
IWRITE(MOUT,L13) MAIN 483
T IF({ NOUT .EQ. 0)
1WRITE(MOUT517) (NyXBSIGIN),FPRESINI,ARH(N)sBCAP(Ny 1) N=1,NSIG) MAIN 484
WRITE (MOUT,14) ELDOT MAIN 485
WRITE{MNOUT,18) XSIG(1),CPOT,X4,CPOT,XATT,PREC MAIN 486
" 7433 WRITE(MOUT,15) T MAIN 487
XPC=-1, MAIN 488
DO 7102 N=1,NCP1 MAIN 489
_ CALL QECAL(ISEP,NGAMyNSIGyNF¢XSIGyACAP,BCAP, THICK,RCBB, GAMAW( 1) 4UIMAIN 490
! LNF 4 XPC ,QFL,-1,) MAIN 491
CALL QECAL(ISEP,NGAMyNSTIGyNFyXS IGyACAP, BCAP, THICKyRCAB, GAMAW(1) JUIMAIN 492
) TTINFLXPC,QEUL 1. ’ o MAIN 493
CALL CPCUISEPyNGAMyNF (XS IG,NS IGy XSIGA,NSIGA,XSTCBINSIGB ACAP BCAP,MAIN 494
1THTCK,RDAB yGAMAW,UI NF,JDOT 41,0, XPC,DXT,CPU) MAIN 495
CALL CPCUESEPyNGAM,NF,XSIGyNS IGsXSIGA,NSIGA,XSTGBNSIGB+ACAP ,BCAPJMAIN 496
1THICK,RDBB yGAMAW,UT NF,UDOT,—1,.,XPC,DX I, CPL) ) MAIN 497
IFIN-1) 7546,7545,7546 MAIN 498
7545 CPL=CPU MAIN 499
7546 DLIFT=CPL-CPU MAIN 500
" s 16) XPC,QEL,CPL,QEU,CPU,DLIFT ~ . MAIN 501
7102 XPC=XPC+PINT MAIN 502
71061 CONTINUE
C MPA S=C MPA MAIN 503
T - T ’ v ’ v ’ 0 Ay XS IGB,NSIGB, ATAP ,ACMAIN 504
LAP,THICK,RDBB yGAMAW ¢ UINF ,11DOY , DX [, AROT, CMPA) MAIN 505
) o P(L 2} = PITC
P(L,3) = 1(3) -
- Pl 2 = Z(1)
PLL,S) = Z(2) o
T P{L,617 = CLVA
P‘L'7) = CMPA o
) IFTU L LY., 200 ) GO YD 98
CALL PLOTSB( PLOTOP 5 P 4, L )
T =0 :
5@ CONTINUE o
- TF{I3TH .EQ. LIV GO TO 9999
| D0 7950 M=1 ,MX MAIN 506
i T T T TSCALE(M, 2V =SCALETM, 1) MAIN 507
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SCALE{M,1}=SCALS (™)

MAIN 508
DC 7950 N=1,NY MAIN 509
UIM,N,2) UM N, 1) MAIN 510

7550 U{MyNy1) =USAVIM,N) o - MAIN S11
GO T0O 9999 MAIN 512
8589 CONTINUE MAIN 513
99 CONTI NUE
CALL PLOTSBY PLOTOP , P , L
CALL ACUCPUL TACU )
~ IF{ 1ACU LLT. 35000 ) GO YO 60 _
GO TO 40
60 CONTINUE )
IF{ PLOTOP.EQ. 0.} CALL EXITY
CALL PLTND =
CALL EXIT
o RE TURN o
¢
C o _
c
C e e
1 FORMAT(L3IS) MAIN 23
2 FORMAT{3F10.4) U MAIN 24
3 FORMAT(2F10.4) MAIN 25
4 FORMAT({1H1//) o - MAIN 26
s FORMAT(6F10.4) MAIN 27
6 FORMAT(1H1,50X,34HANALYSIS OF UNSTEADY AIRFOIL STALL///) MAIN 28
7 FORMAT{BX,6HUBAR =F13.5/7X,THUFREQ =F13.5/7/3X, L1HALPHA ONE =E13.5/MAIN 29
13Xy LIHALPHA TWO =E13.5/8Xs6HHBAR =E13,5/11X,3HA =EL3,5/ 8%, 6HFREQ =MAIN 30
1E13.5//8X,6HRO/B =£13.5//9X,5HRER =E13,5/7/) MAIN 31
8 FORMATI29XyLHN25X,4HCIN) 926X 34HT (N7 ) MAIN .32
9 FORMAT(130,2E30.5) MAIN 33
10 FORMAT(5X,3HT =E13,5/5%,3HU =E13.5/4Xy 4HXS =E13.5/4X,4HX0 =E13.5/4MAIN 34
1X,4HPA =E13.5/777/) MAIN 135
11  FORMAT(//74Xs1HNsLL1X o HX g 14X sSHVZ (X) 912Xy SHRNEX )y 12X 4HAIND y 21Xy IHMAIN 36
1XIWe14X,SHGAMMA/) MAIN 37
12  FORMAT(I5,4E17.5,8%X,2€17,5) - MAIN 38
13 T FORMATIIHL y8XoLHN 20X, LHX 321X oSHFPIX) 922Xy SHRHIN) , 21X &HBINI /) MAIN 39
14  FORMAT{//54X,9H L-DCT =E13.5///51X,2THPRESSURES [N SEPARATED FLOWMAIN 40
1/7755%X,1HX419X,2HCP/) MAIN 41
) 15 FORMAT(1H1 j11XelHXs16Xe3IHQEL e 15X 3HCPL ¢ 15X+ 3HQEU, 15Xy 3HCPU, 13X, FHCMAIN 42
1PL - ZPU/Y MAIN 43
16 FORMAT(6E18.5) - o CMAIN 44
17  FORMAT(I10,4E25.5) MAIN 45
18 FORMAT{3(40X,2E20.5/)) e MAIN 86
19 FORMAT(IS,5F10.4) T MAIN &7
20 FORMAT(1H1 ,50X,12HTIME STEP NOI3//) MAIN 48
22 FORMATI//7740X.26HINCREASE IN CP REQUTRED ISE13.5/740X,26HINCREASE MAIN 49
1IN CP POSSIBLE ISE13.5) o  MAIN 50
23 FORMATI/7745X,23HPOTENTIAL FLOW XS =E12.4760X, BHCP(XS) =E12.4/MAIN 51
1/745X 4234B0OUNDARY LAYER XS =E12.4) MAIN §2
247 FORMATIIS,4F10.4/5F10.4) i T MAIN 53
25 FORMAT(L2X,4HNV -lz,ax.sns =EL1244%e3X ¢ 3IHH -612.4.3x.3HG =E12.493X4MAIN 54
IAXT =E12.§7712X4H Y ehsINs &4HWY = v 3Xe 4HPA =E12.4777} MATN
26 FORMAT(4Xy4HXL :513.51 _MAIN 56
YR ’ ' VALEN L T SuUPPL3BO
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RESPONSET




9CClA
9ccln
91C1C
313C1D
90C1E
93C1F
9¢C16

/

END

/

N e W

~

T S5y
T4T,
739,

738,

T21,
T71,

YFLAP DISP =0, Gl4.5

*RENDING ISP ='y Gl4.5
*TORSIONAL DISP ='y Gl4.5

*SECTION FITCH ANGLE =', F9.3, ' DEGREES ORY,

YSECTION PITCH RATE =,
"SECTION PLUNGING RATE =*,

F9e4y *

Gl4.5
Gl4.5

RANIANS

/7))

SUPPL331L
SUPPL382
sypP 383
SUPPL384
SUPP L3RS
SUPP L3RG
SyPPL387
MAIN 515
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SUBROUTINE SUPPL SUPPL 1
IMPLICIT REAL*8 (A-H,0~Z) supPL 2
REAL*8 FR1S, FR2S, FR3S, ANSX, OMS suPPL 3
c o e SUPPL 4
REAL*4 CLvB, CMVB, CMPAVS
1 » DUMMY, PLOTOP
REAL FTVB, FPVB, FPPRVB, DIDRVB, XMVB, DELVB, XMUV83, SUPPL 5
A FOVB, XMUAVB, ATOVR, ATCVB, ATSVB, ROVB, RVB, Mv3, SUPPL 6
c WOXI, PSI, UINF SUPPL 7
_ REAL  ELSIGy DOXI, REB, RDBR, FRZ, _ARR, AMPLU, FREQU, SUPPL 8
A ALPH1, ALPH2, HEAVE, AROT, FREQF, PHIH, 1Yl, DRY, SUPPL 9
B X, TVEST, UPRIM, XU, VYUs XLy VYL, ERL, ER2, ER3, ADRR, SUPPL 10
c RRD BR suPPL 11
REAL  SUM(8), YCLD{8), YNEW(8), DEL{3,3)s CMPA(3)}, CL(3), G{3), SUPPL 12
A I 4 IPRI3), SMALLG(3), Y(3,3), YPR(3,3),GCAP(3,3) SUPPL 13
CCMMON /BLY/ NTIME, NDIMC L
COMMON /CLCMBL/  CLVB, CMVB, CMPAVB MAIN
COMMON/ 222/ Z(3) -
COMMON FINPTVB/  FTVB(64), FPVRI64), FPPRVBLG4), DIDRVBI{G4), SUPPL 15
A XMVB(64), DFLVB, XMUVB,  FOVB, XMUAVB, SUPPL 16
8 ATOVB 4 ATCVB, ATSVB, ROVB, RVB(641), SUPPL 17
C MVB(64) , NVB e suPPL 18
T “CCMMON /INPUTS/  NSBL, NZ, NOFF, NGAM, NSIG, SuUPPL 19
A NCOI , NCORD,  LOWER,  MSTOP, MAXT, MITR, SUPPL 20
i B NOTBL, INDV, ELSTG, nxt, REB, RD38, SUPPL 21
c FRZ, ARR, AMPLU,  FREQU,  ALPHI, ALPH2, SUPPL 22
- D HEAVE, ARCT, FREQF, PHIH, NY, RY1, SUPPL 23
£ DRY, X(100), TEST, UPRIM, _XU(30),  YUI3D), SUPPL 24
¥ XL (300, Yti{30), ER1, ER2,  ER3, " BDBR, SUPPL 25
G RRDBR o SUPPL 26
T H o DUMMY{10),PLOTNP
DIMENSION DELTA(3,3) o _ suPPL 27
o DIMENSION ALPHA(3,3) ,BETA(3,3 0y GAMMA( 3,3),0MS(3),0MEGAL 3),C4K(3) SUPPL 28
DIMENSION AA(10) yAB{10) ANB(20),ANT{20),AAX110),ANSX(201),SORT(3) SUPPL 29
1 o YOT(2)
CF&{X) =F4-B4+ (B4 ¥CH-C4) *X*X SUPPL 30
T ITUXY=HAB®(CF4IX) 7GB) ¥ %2+ (CF4 (X *FRIS+ (1. —=Co*X*X }%B2~F2) &X*X supPL 31
22(X)=(FZ/FRLS#FRLS*CF4 (X)=F2+{1.~C6¥X*X)#(B2-BZ/FRLS)) X*X SUPPL 32
T TSI = (2. *AB*CF4 (X) /CBE¥RZ #{ FRIS-FR2SIEXSXI®GA SuUPPL 33
S2(X)=(FR1S—FR2S) #GARX*X SUPPL 34
= = ¥ = *SI(X)-Z1TSUPPL 35
1X)1%S2(X) ) - - SUPPL 36
"*”‘_——ﬁITI‘EE§TiEt7NFUt71 E-Ts1l.66+3/ T ** suPPL 39
SUPPL 40
—“7T"—nKsSEs—INU‘HTS‘IRE—NrnnTNENSTGNKIT'WYTH‘BEIDE—MISS‘INU"RKDIUS‘ TSUPPL 41
C AS REFERENCES. NONROTATING NATURAL FREQUENCIES ARE SUPPL 42
v JSUPPL %3
C AND S2LB ARE FRACTICNS OF SEMICHORD. XBAR, le, AND S2L ARE SUPPL 44
~ U T FRACYIONS WF ROTOR RADYUS. = 7o " SUPPL 45
c SUPPL 46
T T TTRDYRCES B — - T :
DO 63 K = 1, 8 SUPPL &7
: SUMYKT = O. SOPPL 48
63  YNEW(K) = 0. SUPPL 49
T DU 89 T = Iy NVE - T UUTSUPPL B0
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Nno 66 K = 1, 8

66  YOLD(K) YNEW{K)
CALL YVBUYNEW,{)Y — ~
IF(I LF. 1) GO TD 69

no67T K =1, 8

67  SUMIK) = (YNEW(K) + YOLOD(K))

69  CCNTINUE
EMLI1 = SuM{l)

* (RVA(1) - RVBULI-1)) 7/ 2.

EM22 = SUMT2)
EM33 = SUM(3)
EMI3 = SUM(4)
EM23 = SUM(S)
| H11 = SUM(6) T
H22 = SUM(T)
| H33 == EM33
H13 = -EM13
TTTTTH23 = SUM(8)

BDBRR=BNDBR/RRDBR

ADS=BORRR*#*2
Tl1=H11#BDS

T22=H22%BDS
T33=H33#%BDS

T23=H23*8DS

T TFRIS=BDS*ERI#*2-TI1/7EMI1
FR2S=ER2**2%BDS-T22/EM22

" FR3IS=FR3#¥2¥BDS-T33/EM33
FR1=DSQRT{FR1S)}

FRZ=DSQRYTIFRZS)
FR3=DSQRT(FR3S)

RATM=EMIT/EM22

T RM=ZETA-T,
SUMS=FR1 S¢+FR2S

SMAL S=FR1 S*FR2S/HIGHS

i

HIGHS={SUMS+DS QRTISUMS# X234 ¥ TETA*FRIS*FR2S Y1/ U 2 *ZETA)

DEN=FRZS-FRIS
1=-(HISHS-FR1S)}/DEN

AZ=-1.-A1
B=—ALl*A2%DEN/HIGHS

+ SM(K)

ZETA=(1.0RATH)*(RATH‘FRIS‘*Z*FRZS'*Z)/(RATM*FRIS+FRZS)**Z

SCAMISEMIT #¥B8DBR¥#27EN33
SLAMZ=-A1%#SLAM]

o STANZ==SLANZ7AZ
SUM3 =SUMS+FR3S

ADDZ=FRLS¥(FRZS¥FRISTFFRZS¥FRIS

ADDl=FRlS‘FRZS*FR3S

33

SupPPL 51
SUPPL 52
supPPL 53
SUPPL 546
SuUPPL 55
SUPPL 56
SUPPL 57
syeaL 59
SUPPL 60
SUPPL 61
SUPPL 62
SuUPPL 63
SUPPL 64
SUPPL 65
SUPPL 46
SuPPL 67

© SUPPL 68

sSupPL 69
suept 70
suppL 71
supoL 72
suPPL 73
SUPPL 74
SUPPL 75
SuPpPL 76
suepPL 77
supPPL 78
SUPPL 79
supPL 80
suppL 81
SuPPL 82
SUPPL 83
SuPPL 84
SUPPL 85
SuPPL 86
supPL 87
SuPPL 88
supPPL 89
SUPPL 90
supPPt 91
SUPPL 92
SUPPL 93
SUPPL 94
SUPPL 95
SUPPL 96
supPL 97
- SUPPL 98

B4=SUM3+ (2. %EM234T23/EM2242, ‘EHIB*TIS/ENIl-FRIS*E“ZB*‘Z/EMZZ FR2S*SUPPL 99

T T T IENI3FRZJENTITT/EN3]
B4=R4 /BBAR

SUPPL100O
SuPPL1OL

T BZ=ADDZ¥ (Z . ¥FRZS¥EMIIFFII/ENL IF 2. FFRISYENZ23XT 237 EMZ2-TI 3%¥%2 JEM1 1-TSUPPL102

123%%2/EM22) /EM3]

BZ2=BZ/7BBAR

B2Z=ADDZ-(FR2S*T13%%2/EML L ¢FR1SST23%%2/EM22)/EM33

BZ=BZ/BBAR

UPPL103
SUPPL104
SUPPL105
SUPPL106
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COo={EMLL*AL$%X2+EM22%A2%%2 ) /EM33

SUPPL107
F4=SuM3 o SUPPL108
C4=(FR2S*EML1¥AL *%2+FR1IS*FM22%A2%%2)/ FM33 SUPPL109
GA=2,%EMI1*Al/EM33 B SUPPLLLO
GB=2,%EM22%A2/EM13 SuPPLL11
F2=ADD2 i SUPPL112
HA=EMLL /FM33 SUPPL113
HB=EM22 /EM33 SUPPLL1 4
FZ=ADD? SUPPLL1L1S
Rl=-HA- HB*(GA/GB\ffgﬁ o ) SUPPL1l6
" R2=HAX(FR2S/FR1S- suPPLYL 7
ILAM=F4-B4 SuPPL1lSB
TWLAM=B4 *C6—Cé4 SUPPL119
FIHAT=HR*( 7L AM/GB) *%2 SUPPL120
FRHAT=R2-F24FRIS*ZLAMI2 , % 7LAMST WL AMSHB/ GB% %2 SUPPL121
F4HAT=-C6*¥R2+FRLS*TWLAM+HR* (TWLAM/GR) **2 SuUPPLL22
G2HAT=B2~F2+{FZ~BZ)/FRLS+FRLS *IL AM SuPPL123
GaHAT=-C6* {B2-B7/FR1S}+FR1S*THLAM SUPPL124
SIGZ=2.¥HR*ZLAM*GA/ GR*x*2 supPL125
S1G2=GA* (FRLS~FR2S+2. *HB*TWLAM/ GB*%2) SUPPLL126
GAM2=GA*(FRLS-FR2S) SuPPL127
UZ=—R2*F IHAT ) ~ suppPL128
Ul=R1*G2HAT—R2 *F2HAT SUPPL129
 U2=R1*G4HAT—R2*F4HAT o SUPPL13Q
U3=-R2%S1G2Z SUPPL131
_U4=R1*GAM2 -R2%S1G2 i SUPPL13?2
US=SIGZ*G2HAT-GAMZ *FZHAT SUPPL133
U6=SIGZ*G4HAT+SIG22G2HAT - GAMZ*FZHATAf__ - _ SUPPLL134
UT=S1G2*G4RAT-GAMZ *F4HAT SUPPL135S
_ AAX(1)=yZ2e%2 , i suPPL136
B AAX(2)=2 ., %UZ*Ul+U3*US SUPPL137
AAX(3)=UL**2+2,%UZ*U2+U3 € U6+USLXUS B ) ~ sSuPPL138
AAX{4)=2 ., %UL*U2+ U3 *UT+J4*Ub SUPPLL39
AAXLS) =U2%%2+ U4 *xy7 B _ SUPPL140
CALL POLLY (4 ,RBS,RELyANSX, AAX) SUPPL141L
XBAR=1,E25 - SUPPL142
T DD 86 T=144 o I SUPPL143
1P=2%] o B o SUPPLL%44
TiM= P-1 T o ) SUPPL14S
IF(DABS(ANSX(IM)).GT.1.D-10) GD TO 86 _ SUPPL146
TF (ANSX({TP).LE.O.) GO TO 86 SUPPL147
XBART=DSQRYUANSX{IP)) o o i SUPPL148
IF(XBART.LT. XBAR) XBAR=XBART suPPL149
86 CONTINUE e ) suPPLLSO
TF{XBAR.LT..5€E25) GO TD 88 SUPPLL51
WRITE(6,87) ~ _suppL152
TT87T FORMATI{IH1 410X, "NC SOLUTICN FOR XBARV) SUPPL153
sToP ] o SUPPL154
~7'88  CONTINUE - = oo SUPPL155
15 ALOW=(R1%Z2 (XBAR}-R2#%Z1 {XBAR) }/{ RL#S2(XBAR)-R2%S1{XBAR) ) SUPPLLSG
- ALOW=ALOW/ XBAR ' SUPPLLS7Y
BLOW=(CF4 {XBAR) ~GA*ALOW#XBAR)/ {XBAR*GR) SUPPL158
XT=-ALOW-BLDOW SUPPLIS9
ETA= (BLOWSAL-ALOW®A2)/ (A1 -A2) i SUPPL160
T T SPLFTA7UB®HIGHSY T - ST Tt o "SuPPL1G6L
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SIL=( XI -RMEHTGHS #S2 L) ¥4 IGHS/ [ FRLS #FR2S) supPPLl62

WRITE(6,4) ERL ,FR2,EF3,RM SUPPL163
WRITE(As721) FRL ,FR24FR34ALOW,BLOW SUPPL164
WRITE{645) EML1,E422,EM33,FM13,EM23 SUPPL14S
WRIYF{6,6) HII ,H22,H33,H13,H23 SUPP LSS
C13=ALNW/BDBRR SUPPL 167
C23=BLOW/RDAR ’ SUPPL153
XRAR=XP AR/ RBDRAR SUPPLL6Y
S1LR=S1L/RDAR SUPPLLTO
S2L8=S2L /BDBR SUPPLLTL
WRITE(6,41)Y BNDAR,RADBR I SUPPL1T72
WRITE(6,7) XBAR,X3AB,SLlLyS1LByS2L4S2LBySMALS,HIGHS SUPPL173
AA(1)=8B7 o ' SUPPLLT4
AA(2)=B2 SUPPLLTS
AA(3)=R%4 B B ) SUPPLLTA
AA(4) =1, SUPPLLTY

T CTACU POLLY(NPNL ,B885 ,REL,ANB,AA} I SUPPLLTS8
SSX=SLAMZ*XBAB B SUPPLL179
DIV=1.-SLAMZ*XBAR*®2 SUPPL180
BETA(3,1)=(SLAMLI*CL3+SSX*FRIS)/DIV SUPPLL81
BETA (3,21 =USUAM2%C334SSX*FR2S )/ D1V SuUPPL1B2
RETA(3,3)=(FR3IS+SSX*(C13+C23))/DIV SuUPP 1183
AXB=AT¥XBAB _ T SUPPL1A4
BETA{1,1)=FRLS~AX3XBETA(3,41) SuUPPL185
 BETA(I,ZV=-AXB*RETA(3,2) o sSuPPL186
REYA(1,3)=C13—-AXB*BETA(3,3) SUPPLLB7
AAXR=A2*XBAB T supPPLLBS8
 BETA(2,1)=—AAXB*BETA(3,1) SUPPLL89

- 9 2] = = ETA(3,2) T ’ SUPPL190
BETA(2,3)=C23-AAXB*BETA(3,3) SUPPL191
ABl4)=1. T ' SUPPL192
AB(3)=BETA{1,L)+RETA(2,2)+BETAL3,3) SUPPL193
CABTZY=BETATL,,IT*(BFTAT(Z,2V+BETA(3,3))+BETA(2,2) *BETA(3, 3)-BETA(3,25UPPL194
ll*BEIn(2.3)-BETA(I,Z)*BETA(Z.1)-BETA(1.3)*BETA(3.1) SUPPL195

-BETAT3, 2ZY*BETA(2,3))-BETA1 2,15UPPL196
l)*(BFTA(l,Z)*BETA(3 3)- 8ETA(3'Z)*BFTA(lv3))OBFTA(3'1)*(BFTA(lpZ)*BSUPPL197

IFTATZ, 3V -BETATL ., 3T #BETATZ, 27) suPPL198

CALL POLLY(NPOL,RRS,REL,ANT,AB) SUPPL199%
"WRITET(6,4%) . Y - ' SUPPL200

DO 45 1=1,4 suppL201

T ={T- T SUPPL202
45 WRITE(6+46) IMy,AA(I),AB(I) SUPPL203
"WRITFI16,47) ' T SUPPL204

DO 48 I=1,3 : SUPPL205

B GALYL) ' - SUPPL206

I TM=1TT-1 SUPPL207

&8 WRITETG,497 ANBUTTTT ANBUITHY ,ANTUITY J, ANTUITMY — SuUPPL208
DO 301 1=1,3 SUPPL209
IT=Z%1 o T SupPPL210

301 OMS{I)=-ANT(II) suppPt 211

© MAXT=3 . T T T supP2L212

DO 70 I=1,2 . suppPL213

T T IFOINSIT YL GTL.OMS TMAXT)Y MAXT=T T SUPPL214
T0 CONTINUE SUPPL215
TGO YO (TI,724737,9AXT Tt T SUPPL216
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71 11=2 B SUPPL217

12=3 SUPPL2L 8

GO T0 74 SUPPL219

72 = SUPPL220
12=3 , SuPPL221

GO TP 74 i SUPP 1222

73 1l=1 _ SUPPL223
12=2 SUPPL224

74  IFIOMSIIL)LGT.INMSUI2)) GN TO 75 SUPPL225
CMINI=TL S SUPPL226
MIDT =12 suPPL227
GnTO T8 suP2L228

75  MINI=12 SUPP L 229
MIot=r SUPPL230

16  SORT(1)=NMS(MINI) SUPPL231
] __SORT(2)=0MS{MIDI) o SUPP L 232
SORT({3) =OMS{YAXT) SUPPL233

DO 77 1=1,3 o SUPPL234
OMS(IV=SORTII) SUPP 235

77 OMEGAUI)=DSQRT(CMS(I)) SUPPL236
DO 302 1=1,3 SUPPL237
_3C2 _ALPHA(I,l)=1, e ~ suppi238
DENB=RETA(2,1) ®*BETA(3,2)-BETA(3, L) ®(BETAT2,2)-0MS(1)) SUPPL239

ALPHA(1,2) =(BETA(L,2)*BETA(3,1)~BETA(3,2)%(BETA{1,1)-0MS(1)))/DENBSUPPL240
ALPHA(143) =({BETA{2,2)-0MS (1) )#(BETA( Ly 1)-OMS(1))-RETA( 1,2) *3ETA({2SUPPL 241

1,1)) /DENB e ) SUPPL 242

’_‘ TCHK{11=BETATL +3) #ALPHA(1 ,1)¢BETAL2,3)%ALPHA{1,2)+(BETA( 3,3)-0MS{1)SUPPL243
1)*ALPHA(1,3) - S - SUPPL244

T DENB=BETA(3, 2V *[BETA(L,LI-CMS{2Y 1 —-RET A(3, 1) *BETA(1,2) SUPPL245

ALPHA(241)=(BETA(3,1)%(BETA(2,2)-0MS{21)-BETA(2,1)¢BETA(3,2))/DENBSUPPL246
T AUPHA(2+3)1=(BETA(2,1)*#BETA(1,2)-(BETAU1, 1)-0MS{ 2) )*(BETA(2,2)-04S{SUPPL247

12))) /DENB S ) , SUPPL 248
CHKT2)=RETA(L 3V #ALPHA(2, 1) #BETA(2,3) #ALPHA( 2, 2) +(BETA( 3,3)-0MS(2) SUPPL249
1) *ALPHA(2,3) B  SUPPL250

DENB=RETA(2 ¢33V *(RETA(L,1)-CMS(3))-RETA(1,3)%BETA(2,1) supPPL251
ALPHA(3,1) =(BETA(2,1)#*(BETA(3,3)-0MS(3))-BETA(3,1)%BETA(2,3))/DEN3ISUPPL252
T TTALPHA(3, 2V =(BETA(3, 1 I#BETA(L, 3)-(BETA(1,1)~-0NMS{3))*(BETA(3,3)-OMS(SUPPL253

131)) /DENB ) S o ) ] - SUPPL254
T T T TCHKTA)=BETATL, 2V ¥ALPHATA , 11+ (BETA(2,2)-0OMS(3) )% ALPHA(3, 2)+BETA(3,25UPPL255
1) ®ALPHA(3,3) SUPPL256

WRITE(6,488) TTTsuppL251
WRITE(64489) (1,0MEGA(I),BETA(I,1),BETALT,2),BETA(T,3)yALPHA(I,1),SUPPL258

TALPHATT,2) ,ALPHA(T ,3),CAK(T), 1=1,3) SUPPL259
SORT(1) =1, N SUPPL260
T SORY(27=0. e o e e T SUPPL261
SORY(3)=0. _supPL262
DN 432 J=1,3 SUPPL263
GO TO (381,382,383), J - o SUPPL264
" 382 SORT(IV=0. oo ’ SUPPL265
SORT(2) =1, SUPPL266
T =0. T T SUPPL26T
G0 TO 381 SUPPL268
‘ 17=0. SUPPLZ69
SORT(2)=0, - _SuPPL2T0
T T SBRT (3 ) s . - T T mmemme SUPPL2T1
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3gl

384

431
422

50

NN 384 I[=1,3

NDIMC= 6)
T TospST= 1.
SINPSI= 0.

TO = ATOVB + ATCVAR  * COS PST + ATSVB * SIN PSI

TOT{l)= TO - ATOVSB
DO 50 1=1,3

SMALLG(I)= DEL(I,1) * CLVB + DEL(1,2) * CMPAVA

52

51

00 52  J=1,3

DO 51 1I=1,3
GCAP({I,411=0,

YPRI{I yJ)=0.

T T GCAPUI ,1T = GCAPUI,1I) ¥ ALPHAIT,J) * SMALLGIJ)

GCAP(1,2)= GCAP(I,1)

Yi{1,1¥= GCAP(T,IT 7 CHS(T)
Y{I+2) = Y(1,1)

IF { PLOTOP .LT. 0O.)

1 WRITE( 6,9000) Tn, Z, TOPRy ZIPR,

9C€C0

FORMAT (/7Y T0=", IPIETI3.5, '

s+ ' IPR=', 1P3FEl13.,6 / * Y=', 1P9E13.6/"

o

2 7 ¥ DFL= ¥, IPOEI3.67 ¥ SWALLG= ¥, IPSFI3.6777V

RETURN

7=, IP3EL3.6,7 TOPR=!,
', IP9EL3.6

© T ENTRY SUPPL (UIRFY

NO

_CMPA(3) = CMPA(2)

SUP2L272
DO 384 K=1,3 SUPoL 1L 273
DELTA{T K}=ALPHA (I ,K) SUPP L2 T4
CALL ALSOL(3,DELTA,SPRT,3) SUPPL275
nn 431 [=1,3 SUPPL276
GAMMA (1, J) =SORTIT) SUPPL2TY
CCNTINUE SUPPL2T8
WRITE(6,11) i ) SUP2L279
WRITE(6+12) {1 ,5AMMA(T,1),GAMMALT,2), GAMMA(T,3),1=1,3) SUPPL 280
AMPLU = XMUAVA # (l. - ROVB®%3) / (1, - ROVB**4) * 1,3333333333300SUPPL2R4
SA = SMALS * SILB # RM % S218 * HIGHS SUPP L28S
SB = SMALS * SLLR*%2 + RM & S2LB*%2 * HIGHS SUPPL2B6
NELI141) = XMUOVB * (L. - ROVB%:%4) / (4. - SLAMZ % XBAB#%%x2) SUPPL287

% RRNBR * FML1 ) SUPPL288
DELIL,2) = 2. * SLAMI * XRAB * DEL{1,1) SuUPPL289
DEL{1,3) = AL * {SLAMZ * XBAB ® SB — SA ) / (1. — SLAMZ * X3AB&¥2)SUPPL290

AT T B * HIGHS * S2LB T SUPPL291
DEL(2+1) = A2 / Al * DEL(1,1}) SUPPL292
NEL(2,2) = A2 / Al * DEL(1,2) SUPPL293
NEL(243) = A2 * (SLAMZ * XBAB * SB — SA) / (1. — SLAMZ % X3AB&%2)SUP°L294

- TR ® SMALS x §218 SUPPL295
DEL(3,1) = - SLAMZ # XBAB * DEL(1,1) / Al SUPPL296

“DEL{3,2) = —-2. * SLANZ ® DEL(1,1) / Al SUPP L2297

DEL(3,3) = (BDBR / RRDBR)**2 & SLAMZ & (XBAB * SA - SR) / SuPPL298
T (1T =TSUANT x xAAB*%2) SUPPL299

CMPA(2) = CMPAVSH _ MA TN

TCL(2) =CcLvA MAIN

SUPPL300
SuPPL301
SUPPL302
SUPPL303
SUPPL304
SUPPL305
SUPPL306
MATN
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CMPA(L) = 2. * CMPA(2) - CMPAL3) SUPPL308

CL(3) = cL(2) SUPPL309
CL{2) = CcLV® ‘ MAIN
CL{l) = 2, * CL(2) - CL(3) B SUPPL3LL
PST = (BDRR / RRDBR ) #* NTIME * DXI SuPPL312
SIN PSI = SIN(PSI) = SUPPL313
€0S PSI = COSIPSI) SUPPL314

T0T(2)= TOT(1)

TO = ATOVB # ATCVB * CNS PSI + ATSVB * SIN PSI SUPPL3LS
___TO0T(1)= YO - ATOVB o

TO PR = (RDRR/ RRDBR) @ (ATSVB * COS PSI — ATCVB * SIN PSI) SUPPL316

DO 60 K = 1,4 2 )

N 641 =1, 3 SUPPL3L7

64  SMALL G(I) = UINF *22 * (DEL(I,1) * CL{K) + DEL(I,2) * CMPA(K))

A + DEL(I,3) #* TOT(K)} SuUPPL319

DO 65T =143 o ) SUPPL320
G CAP(I, K} = O.

DO65 4 =1,3 suPPL322
65 G CAP{I, K) = GCAP{I, K} + ALPHA(I,J) * SMALLG(J)
60 _ _CANTINUE e
DO 621 =1, 3 SUPPL328
i C YU142) = Y(I,l) o , o SUPPL329
YPR(1,2) = YPR(I,1) SUPPL330
__WoXI1 = OMEGA(I) * DXI ] SUPPL331
SWOXT = SIN(WDXT) SUPPL332
. _CWDX1 = CNS{WNXL} o ) SUPPL333
Y{Ts1) = Y{1+2) * CWOXI + YPR{[,2) * SWOXI /OMEGA(I) SUPP L334
A +({{GCAPUI,2) ~ GCAP(1,41)) * (SWDXI ~ WOXI = CWNXI) / WOXI SUPL335
B + GCAP(I 1) * (1. — CWDXI)) / OMEGA(T)%%2 SUPPL336
62 YPR(I,1) = YPR(I,2) * CWDXI - OMEGA(I) * Y([,2) * SWDXI SUPPL337
. A+ ( (GCAP({I4+2) — GCAP(I,1) } * (WODXI * SWDXT + CWDXI - 1.) SUPPL338
8 / WOXI ¢ GCAPUI,1) * SWDXI) / OMEGALT) T SUPPL339
) DC 611 =1, 3 SUPPL340
Z{I) = 0. .. SUPPL34]l
ZPR(I) = O. _ . SUPPL342
R PO 61 J =1, 3 o SUPPL 343
TUUTTUTI(TY = I(I) + GANMMA(T,J) * Y(Jd,1) . SUPPL344
61 ZPRUI) = ZPRUI) + GAMMA(I,J) * YPR(J,1) - , , SUPPL345
ALPHL = TO ¢ 1(3) ’ SUPPL346
ALPH2 = TO PR + ZPRI(3) : . supPL34T
WEAVE = - ZIPRI1) - IPR(2}

IF ( PLOTOP .LT. O.) e
1 WRITEl 6,9000) TN, Z, TOPR, ZIPRy Y, YPRy DEL, SMALLG

2 , TO1 - o L

RETURN - SUPPL351

1 FORMATI(S5F10.4) SUPPL352

2 FORMAT{5F10,.4) SUPPL353

3 FORMATU1H1 410X,* ITERATION FOR XBAR DIVERGED? ) SUPPL354

T4 T FORMATIIHIL ,5X4HFL =E13.5,5X&#HF2 =E13.5,5X, 4HF3 =E13,57/5Xy 4HRM =SUPP L35S

1€13.5////) SUPPL356

TR FORMATIS X, SHMIT =F13.5,5X,5HM2Z =E13.5,50,5AM33 =E13.5, 5X,5H1413 =ESUPPL357
113.5,5X,5HM23 =E13,5/) ) SuUPPL3ISS8 .

’ = e393X¢3HY = 3¢ 5K, = 5, 5X,5HTL3 =ESUPPLIST

113,5,5X¢5HT23 =€13.5//7) \ ~ SUPPL360

- v stl3.5, Y =EI3.5720X,6AL1/R =E13.5,10X,65UPPL361
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41
44

46
47

45
11

1HLL/B =E13.5720X,6HL2/R =E13.59)10X,6HL2/B =E13.5/9X,THK1/M1 =F13.5SUPPL362

179X, T4K2/M2 =E13.5) SUPPL363
FCRMAT(//10X5HR/R =E13.5 420X +6HRR/R =E13.5///) SUPPL364
FNARMAT(1HL 20X, ' POLYNOMI AL COEFFICIENTS'///TXy SHPAWER, 12X 543LADE, SUPPL 365
T126X,302-07) , SUPP L3066
FORMAT(110,2D30.9) SUPPL367
FORMAT(LHI 420X, VRAATS OF POLYNGMIALS®///30X, *BLADE® 460X 4 12-71/20X, SUPPL368
14HREAL s 21X 4 4HIMAG 431 X4 HREALy 21Xy 4HIMAG/ ) SUPPL369
FORMAT(2D2%,9,10%X,2D25.9) SUPPL370
FORMAT(////779%X s LHE 15Xs LOHGAMMA (T4 1) 15Xy LOHGAMMA( T2, 15Xy LOHGAMMSUPP L 371
T1ATT, YD) | SUP2L372
FORMAT{110,43E25.5) SUPP 373

12
488

489
721

FORMAT(LHYL yBX,LHT ,TX ySHOMEGA ¢ 4X y 9HBET AL T4 1), 4Xy 9HRETALT2) 4 4X,9HBESUPPL3 T4
L1TA(L +3) 93X+ 1OHALPHA(T 419 ¢3Xy1 OHALPHAC 1420y 3Xy LOHALP AT, 3), 94X, 3HCHSUPPL3TS

1K/ SUPPLITE
FORMAT{I10,48E13.5) SuPPL377
T FORMAY(77710X,5HFRT =EL13.5,10X,5HFR2 =E13.5,10X,5HFR3 =£13.5//10X,SUPPL3T78
14HSA =E13.5,10X,4HSB =E13,5///) SUPPL379
END
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SURROUTINE SETUPS ' SETUPS

1
c ) ] SETUPS 2
INPLICIT REAL*8 {A-H,0-2) SETUPS 3
o o ) N SETUPS 4
¢ - T e SETYPS S
REAL_ FTvB, FPVA, FPPRVB, DIDRVB, XMVB, DELVB, XMUVB, SETUPS 6
A FOVB, XMUAVAR, ATOVB, ATCVB, ATSVB, ROVR, RVR, MVA3 SETUPS 7
REAL ELSIG, ODXI, REB, RDBB, FRZ, ARR, AMPLU, FREQU, SETUPS 8
A ALPHl, ALPH2, HEAVE, ARQOT, FREQF, PHIH, RYl, DRY, SETUPS 9
B Y, TEST, UPRIM, XU, YJ, XL, YL, ERl, FER2, ER3, RDBR, SETUPSLO
c RRDAR SETUPSLL
Hy CMPA, CMPAS, BARG, EMl, HVNR, SSPA, SVDR, TORF, X1VOR
1, PLOTNP, PSILOW, PSIUP
c S S i SETUPSL2
INTEGER TABLE(T, 80) /560 « * 1/
c o - . ) SETUPSL4
¢ SETUPSLS
COMMON /BLL/ __NTIME SETUPSL16
c SETUPSL?
'COMMON /INPYVB/  FTVBl64), FPVB(64), FPPRVB(64), DIDRVB(44), SETUPSLS
A XMVB(64) , DELVB, XMUVB, FOVB, XMUAVR, SETUPSL9
B8 ATOVB, ATCVB, ATSVB,  ROVB,  RVAL64), SETUPS20
C MVB(64) » NVE SETUPS21
c SETUPS22
T "TCCNMMCN /TNPUTS/  NSBL, NI, = T NOFF, = NGAM, NSIG, SETUPS23
A NCOT NCORD,  LOAER, MSTOP, MAXT, MITR, SETUPS24
TR T NOYBL, INDV,  ELSTGy,  DOXI, RER, R0B8, SETUPS25
C FRZ, ARR, ANPLU, FREQU, ALPHl,  ALPH2, SETUPS26
1] HEAVE, AROT FREQF, PHIH, NY, RY1, SETUPS27
E DRY, Y(100), TEST,  UPRIM,  XU(30), YU(30), SETUPS28
- F XC(30), YL(33), ERl, "ER2, ER3, B8DBR, SETUPS29
G RRDBR 7 SETUPS30
7 Hy CMPA, CMPAS, BARG, EMIL, HVOR, NVOR, SSPA, SVOR, TORF, X1VOR
1. PLOTOP, PSILOW, PSIUP - o S
J o NOUT
c SETUP331
Tt SETUPS32
c SETUPS33
TTTTTTTTTCALU WHERE(TABLE)D T T T T SETUPS34
CALL IEROIN SETUPS3S
T T TTTSETUPS3S
c e SETUPS3T
CALL SETUP{YALPHI o4y ALPHL ) SETUPS38
CALL SETUP(YALPHAL ',4, ALPHI ) SETUPS39
T T T CALU SETUPUYALPAZ V.4, ALPHZ B N T SETUPS4O
CALL SETUP(®*ALPHA2 .4, BLPH2 ) SETUPS4L
CALL SE &y A ¥ SETUPS42
CALL SETUP('ARR *4%, ARR ) SETUPS43
T 7 TCAUU SETUPUTARDY  ',.&, AROY T Ty 7 SETUPS44
CALL SETUP('ATOVB  *,4, ATOVSB . ) SETUPS45
TTCALL SETUP{YATCVB  Y.4, ATCVA TTTTTTThY T . . SETUPS46
CALL SETUP(®ATSVR  ¢.,4, ATSVS ) SETUPS4T
TRLU SETUPTYVBARG LY . |
CALL SETUP('BDBRR 4%, BDBR ) SETUPS4 8
- TTTCTALL SEYUPTUYCHPA Ve&y CMPA ) e
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“CALL SETUPU'NOUT Ve 4y NOUT)

CALL SETUP{ICMPAS .4, CMPAS )
CALL SETUP(!NELVB t 94, DELVB )
CALL SETUP(*DIDRV *,4, DIDRVA, 64 )
CALL SFTUP(TNRY '.4. DRY o }
CALL SFETUP(#DXI 4, NX1 )
CALL SETUP('FLSIG »_.'6. ELSIG )
CALL SETUP(VEMI 1,4y EM] )
CALL SETUP({'ER1 Y44y ER1 )
CALL SFTUP('ER2 Yo4y ER2 )
CALL SETUP('ER3 '.4. ER3 _ )
CALL SETUP('FPVB *y4, FPVB, 64 )
CALL serup('ggpavg___lg._ FPPRVA, 64 )
CALL SETUP('FRZ Y24, FRZ }
CALL SETUP('FREQU ‘94, FREQU )
CALL SETUP{YFREQF  ¥,4, FREQF )
CALL SETUP{'FTVR *y4y FTVB, 64 )
"TCALL SETUP({YFOVE v,%4, FOVB i
CALL SETUP('HEAVE Alg. HEAV E )
CALL SETUP(YHVOR ~~ ¥,&, HVOR )
CALL SETUP('INDV Yy4y INDV )
CALL SETUP(YLOWER '"'}4. LCWER )
CALL SETUP({YMAXT v,6, MAXT )
) v4y MCTR Yy T
CALL SETUP{'MSTOP Y44 PSTOP )
CALL SETUPUTVVE LU v b4 )
CALL SETUP{*NCOI ",44 NCOI )
CALL SETUP('NCORD *,44 NCORD )
CALL SETUP{*NGAM *y4 4 NGAM )
""CALL SETUPTYNOFF  Y,4, NOFF -y
CALL SETUP(*NOTBL *,4, ACTSBL )

CALL SETUP('NSBL *+49 NSBL )
"TCALL SETUPUTNSIG Y444 NSIG T )
CALL SETUP(*NVB '+ 49 NVB)

CALL SETUP(*NVOR Y945 NVOR )
CALL SETUP({'NY *949 NY )
7‘C_Et[ SE IUF ‘ iz " NZ I ) T
CALL SETUP('PHIH Y94y PHIH )

" CALU SETUPIYPLOTOP ¥, 4, PLOTOP)
CALL SETUP{'PSILOW

Y9 49y PSILOW)

CAUL SETUPTYPSTUP
CALL SETUP(®*RVB

’

4, PSIUP]

s 49 RVB, 64 )

LALL U R ¥,4, ROBA )
CALL SETUP(*RFB 'y4, REB )
~CALL SETUPUYRRDBR .4, RRDBR }
CALL SETUP({'ROVA S.%, ROVB )
CALL SETUPTYRYL Veb, RYL )
CALL SETUP(*SSPA Y969 SSPA )
TCALU SFTUPTYSVOR Y4, SVOR Y T
CALL SETUP({'TEST * 9449 TEST )
CALL SETUPUYTORF 4%y TORF ]
CALL SETUP{YUPRIM Y44, UPRIM )
CTALL SETUPUYXIVOR Y+%e XIVCR 3
CALL SETUP(* XL Yohy XL, 30 )
“CATUL SETUPUYXMVB 2%y XMVB, 64 3

SETUP S49
SETU2S50
SETUPSS]
SETUPSS?2
SETUPSS?

SETUPSS4
SEYUPSS55
SETUPSS6
SETJPSS7
SETUPS58
SETUPSS9
SETUPS60
SETUPS6L
SETUPSE2
SETUPS63
SETUPSH4

SETUPS6S
SETUPS66
SETUPS67
SETUPS68
SETUPS69
SETUPSTO
SETUPSTL
SETUPST2
SETUPST3
SETUPST4
SETUPSTS

SETUPST6
SETUPSTT
SFTUPSTS

SETUPSTO
SETUPS80
SETUPS81

SETUPS82
SETUPS83
SETUPSB4
SETUPS8S
SETUPSB6
SETUPSBT

SETUPS88
SETUPS89

SETUPS9I0
SETUPSIL
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OO ND

___PLOTOP = 1,

-70.-

_END.

CALL SETUP{*XMUVR  *,4, XMUVB
CALL SFTUPI{'XMUAVE 1,4, XMJAVB

CALL SETUP(* Xy 'y4y XUe 30
CALL SETUP('Y Y4y Y, 100 i
CALL SETUP(YYL ",4, YL, 30
CALL SETUP(®YY = *,4%, YU, 30

PSILOW= 1,E10
PSIUP=

-1.E10

NOUT= 0
RETURN

SETUPS92
SETUPSS3
SETUPS94
SETUPS95
SETUPSI6
SETUPSIT
SETJPS98
SETUPS99
SETUPLOO
SETUP101
SETUP102
SETUP103
SETUP104

SETUP1O05
SETUPLO6



OO0

SUBROUTINE BLCTX,Y 4 MST . MEND,NY,RY 4DRY o DX I, RER, JPR [M, FLAM,X FLAM, TESBLC
1TyUs SCALFZUE UC»VyXSE?, USEPyNDISSyTHETS LOWFER,LAMQ,MSFP, XC,USAV, SCARLC
LLSyNITS NTIME, NCT3L, XTEST, NZ, NOUT )

RLZ
PROGRAM FOR ANALYZTNG LAMINAR AND T:SRBULENT BOUNCARY L AYERS RLC
RY THE METHOD OF FINITE DIFFERENCFS., IF THE INTEGER LAMQ BLC
1S GREATER THAN ZERC, THE BCUNNARY LAYER IS LAMINAR, BLC
BLC

COMMCN /BL1/ NDUMMY , NDIMC , ISTD
NIMFNSTIN USAV(300,100),SCALS (300) 3L
DIMENSION X(300),Y{100),UE(300,3},UC(100,3),VI100,2)1,XC{307) BLC
DIMENSTON SO(100),SE(100),SF{100),VISC(100,2),GRAN(100) BLC
DIMENSINN A(lOO)oR(lOO)pC(lOOIvD(lOO)oF(lOO) BLC
DIMENSTION ALPHA(100) ,RETA(100),GAMMA(100),DELTA{1N0) BLC
DIMENSTIN SCALE{300,2),VARL{10D),VAR2(100) nLC
DIMENSION FLAM(lO).xFLAM(lo».Yﬁl(IOO),vaz(loO) aLc
NIMENSION U(300,1130,21 ALC
NIMENSTIN CAPG(100) ,CAPHIL10D),CAPJI(100), CAPK(100) BLC

DOUBLE PRECISTCN AP(100) BP(100),CP(100), OP( 100 )s FP (L0 ),UP (100) BLC
10 FORMAT(LHL ,41X,36H ANALYSIS OF LAMINAR BOUNDARY LAYER///51X, L2HTIRLS

IME STEP NNI3//51X,12HITERATION NOT3///4X,1HM,8X , LHX, 13X, 2HXC,12X,2BLC

LHUE y 10X 4 6H— DP/OX.QX,SHDELTA,9X.5HDISPL,9X.SHTHETA,OX'SHSHEA(/) BLC
11 FORMATUIHI 41X, 36HANALYSTS OF VURBOLENT BOUNDARY LAYER/ /751X, 12HTIRLC

IME STEP NOT3//51X,12HITERATION NOI3///4X, LHM,8X y LHX, 13X, 2HXC , 12X,2BLC
LHUE 4 TOX, 6H-DP/D X, 9X ,SHDELT A, 9X, SHDISPL,9X s SHTHET A, 9Xe SHSHEAR 44Xy BLC
3 '1/)

12  FORMAT(IS,8F14.4,13) T

20 FORMAT(LHL y2Xy3HM =14//2Xy3HX =E14.5//2X, 4HUE =E14.5,10X,17H4-{1/RBLC

IROYTOP/DXT =ET4.5,I0X,5HREB #E14.5410X,4HUY =E14.5//7/) aLc
24 FORMAT(2Xy25HPHYSIZAL DELTA =E14.5,8X, L2HDELTA STAR =E14.8BLC
15 4BXy THTHETA =EL1%4.5772X, Z5HTRANSFORMED DELTA =FEl4.5,8Xy 12HDERLC
ILTA STAR =E14.5+8XyTHTHETA =€14.5///) BLC
21 FORMATUZS X IHY, 19X, THU, 19X, THV, 16X, 5HDU/ DY, 1 4X s 6HNUE/NU /) BLZ
22 FORMAT(10X,5E20.5) BLZ
23 TFORMATU/ 730X, I THSEPARATION AT X =EI3.5,6Hy XC =E13.5 8LC
25 FORMAT(//7/40X,12HWALL SHEAR =E14.5//) BLC
30 FORMAT{7 /50X, TRTRANSITICN AT X =El4.5) : BLC
35 FORMAT{/20X,35HSCALE CHANGE - Y-MAX INCREASED FROMEL2.4434 TOF12.48LC
7y 8LC
810 FORMAT(10X,7HAT STEPI3,22H, THE WALL GRADIENT [SEl2.4) BLC
TTTTBCON = T1L.570XT BLZ
FCON = 1./(2.%DXI) BLC
T TIFT TSTDL.NE. 1Y GO 1O 900 ST T
DXi=1.E30
" BCON=07. -
FCON= 0.

9C0 CONTINUE -
MOUT =6 BLC
MTRAN==T S o BLZ
YSuB2=Y(2} BLC
MSTZ = ST = 2 o T BLC
MSTL=MST-1 BtcC

T TNOUTTE NOUT ¥T D
MSTLMD= MOD( MST1l, NOUT1)
g =0 e

39
40
41
42
43
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v GO TO (543,550) ,LMER BLL 44
543 TF(LAMQ) 544,544,545 BLC 45
S44 WRITE{MOUT,LL) NTIMF,NITS BLC 46

GO TN 550 o ALS 47

545 WRITE{(MOUT,10) NTIME,NITS BLC 48
550 CONTINUE 8LC 49
YTR = SQRT(RER) BLC 50
UC(l41) = 0. BLC 53
vil,1) = O, BLC 54
NV=NY -2 BLC 55

NVML = NV - 1 BLC 56

NVPL = NV ¢ 1 ALS 57

CALL YDIFF{NY,ALPHA,BET Ay GAMMA,DELTA,SNySEySFyC2,C3,C4yY) BLC 58

N0 41 N=1,NVP1 BLC 59
VISCIN,1) = 1, BLC 60

41 VISC(Ns2) = 1. o BLC 61
NC 42 M=MST2,MST1 BLZ 62

L = MST1-M+2 RLC 63

PO 50 N=1,NV BLC 64

S0 GRAD(N#L) = SD(N+L1) ®UCIN#2,L)+SEIN+1)*UCIN+L,L)I-SF{N+1)*UC(N,L) BLC 65
GRADI1) = C2#UC(2,L)1+C3*UCI(3,L) +C4*IC{4,L) BLC 66
 MM=M-} o BLS 67
CALL PGRAD (MM, X,UE,DOXI,PRESS¢SA,SB,SCsSR,SS) BLC 68
DO 456 N=1,4NY o BLZ 69
456 UCIN,1)=UC {N,L} RLC 70
© CALL SETIT(LAMQ,MsNV,REB¢XsY,UC,PRESS¢GRAD, DELT 4DISP, THETA, VISC,MTBL3 71
T 1RAN) 8LC 72

42 CONTINUE B T3
MEND1 = MEND - 1 BLC T4

, GRADS=GRAD(1) 8LC 75
- GRADSS=GRAD(1) T BLC 76

c o BLC 77

C THE MATN CALCULATICN STARTS HERE, 8LC 78

c e BLC 79

DO 99 M=MSTI ,MEND1 BLZ 80

_ ITER=0 - BLZ 81

WALLG=0. i BLC 82

MPLl=Me] BLS 83

” " DELTP = DELT/YTR T . B 8LC 84

DISPT = DISP®YTR BLC 85

T TYHAETT = THETA®YTIR R :Y R 86

SHEAR = GRAD{1)/YTR ‘ BLC 87

IF{ MOD(M, NOUT1).NE. MSTIMD) GO TO 225

GO TO (561 ,562) ,LOWER ~ BLC 88

581 WRITE(MOUT ,12) P, X{ M) XC(™M),UE(M, 1),PRESS,DELTP,DISP, THETA, SHEAR BLC 89
1 o MAXIT . o

60 10 225 “TBLC 90

5€2 WRITE(MOUT,20) MyX{M),UE(M,L),PRESS,REB,UPRIM BLC 91

" WRITTEUNOUT ,24) DELYP,DISP,THETA,DELT, DISPT, THETT - 8LL 92

WRITE (MOUT ,21) BLC 93

T WRITEUMIUT 22y (YINY,UCIN, 27, VIN, IT,GRAD(N),,VISTIN, 1) N=1,NVP1) BLC 94

walrstwour.ZS) SHEAR BLC 95

~T.E~- “BLT 96

4C8 xsx:x(ﬂ—:)*(x(n—t» X(M-Zl)*GRADSSI(GRADSS-GRADS) BLD 97

TTTTUTTIRIKSX-XTNY Y 409,409,229 T BLS 98
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4CS
229

213
283

2217
224

223

8c2’

8cs

801

.. 820
c

WF S={XSX=X{M=T)) /7 (X(N)=X{NM=1))
GO TO 224

IF ( GRADC(LY } 227, 227, 273
IF (DISP ,GT. 0. JAND, THFTA .GT, 0.) G0 TO 223

CONTINUF
XSFP= XC {M=1)
USEP=UF (M-1,1}
XBL=X{M~-1)
WRI TE {MAUT ,23) XBL, XSEP
RETURN

WFS=GRADS/{GRADS-GRAD(1L))
WFS1=1.-WFS S
XSEP=WFSL&XC(M=1) +WFSEXC{M)
XBL=WF SLEX(M=1)+WFSEX(M)
USEP=WFSL1*UE{"~1,1) +WFS*UE(M, 1)
WFP=(XBL-X(M=2))/(X(M=1)-X(M=2))

WFPL=1,~WFP
DISS=NISSS*WFPL+DISS*WFP

THETS=THE TSS*WFPL+THETS *WFP
WRITE(MNUT+23) XBL,XSEP

IF(LAMQ.EQ.0 . ANDaM. LY. MTRAN®5) LAMQ=1

GO 10 222

CONTINUE _

IF( NOTBL LEQ. 2 .AND. NITS
1 XCtM) GT. XTESTY GO TO 283
TF{LAMQ) 801,801,802

.GT.

IF{ NOTBL .FQ. 2) GO T0 801
CALL TRANS(UJPRIM,PRESS, THETAsREB,UC,NYy FLAMy XFLAM,LAMQ)

1

" IFTCAMQ) 805,805,301

WRITE(MOUT,30) X(M)

MTRAN = WMl
CONTINUE

TFIYINVY-DELTY 620,641,641
_RY=RY+DRY

«AND.

C RESCALING CALCULATICON STARTS HFRE.

c

632 7

633

BRALE

635

DO 632 N=1,NY

YBI(NY = YN}
VARL(N) = UC(N,2)

M,.GT.

VARZINY = UCIN,3)}
CALL YSET(RY,YSUB2,NY,Y)

- WRITE(MOUT,357 VBUUNYY,YINY)
NG 633 N=2,NVP1

YIN =YW
CALL TERP{YIN,YBl,VARL,NY,UPASL)

UCIN,2Y = UPASI
CALL TERP(YIN,YBl,VAR2,NY,UPAS2)

UC TN,3Y = "UPASZ

NZ

« AND,

CALL YDIFF{NY,ALPHA,BET A,GAMMA,DELTA, SDySE,SF4C2,C3,4C4,Y)

TFTCAMQ) 700,700,701
N0 635 N=2yNVPl

VARTTNY VISCIN,I)
VAR2(N) = VISC{N,2)

00 636 N=Z2,NVP1

8LC
BLC

RLC

RLC
BL

BLC
BLC
BLC
8LC
BLC
3LC
BLZ
BLC
BLC
8LC
BLC

99
100

102
103
104
105
106
107
108
109
110
111
112
113
114

116
117
118
119
120
121
122
123
124
125
126

127

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
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YIN = Y(N) BLS 144

CALL TERPUYIN,YBL,VARL,NVPL,UPAS1) BLC 145
VISC(N,1) = UPASIL BLS 146
CALL TERP{YIN,Y81,VAR2, NVPL,UPAS2) , BLC 147
636 VISCIN,2) = UPAS2 _ BLC 148
7C1 NG 637 N=2,NVPL . BLC 149
VARL(N) = V(N,1) BLZ 150
€37 VAR2IN) = VIN,2) BLL 151
DO 638 N=2,NVP1 BLC 152
YIN = YN} 4_, -~ o BLC 153
CALL TERP(YIN,YBL,VARL,NVPL,UPASL) BLC 154
VINs1) = UPASL RBLC 155
CALL TERP(YIN,YB1,VAR2,NVPL,UPAS2) BLC 156
€38 VI(N,2) = UPAS2 B BL: 157
641 CCNTINUF BLL 158
c L _ BLC 159
'C RESCALTNG CAUCULATICN ENDS HERE. ' BLC 160
c . o BLC 161
CALL PGRAD(M,XsUE4DXTPRESS+SA1SBsSCySRySS) BLC 162
_C e BL. 163
C ~ RECURSTON RELATICNS ARE SET UP HERE., BLC 164
c . BLZ 165
TF (ISTD.EQ. 1) GO TC 820
IF(SCALE(M¢1,1)-1.) 522,522,52L BLC 166
'§21 IFUSCALE(M+I,2)-1.) 522,522,523 o BLC 167
522 LACKU=1 e BLC 168
) FACUI=UE (M+1,2) /UE(M+1,1) BLC 169
FACU2=UE (M#1,3) /UE(Me1,1) e . BLC 170
GO Y0 820 T BLC 171
523 LACKU=2 ) BLC 172
T D0 610 NN=T,NV T ' BLC 173
VARL (NN} = U(M#1 4NN,y1) L BLL 174
7610 VARZ(NN) = UlM+1,NN,2) R BLC 175
CALL YSET(SCALE(M¢1,1),YSUB2,NY,YB1) . BLC 176
CALL YSETUSCALE(M#1,2),YSUB2Z,NY,YB2) BLC 177
820 DO 88 N=2,NV BLC 178
T T CALU CAPSUTTER,NyCAPGCAPH,CAPJy CAPKy SRySSySDySEySFyVISC4V,UC)H BLC 179
A (N} =-SF (N} #CAPG (N} -DELTA{N)*CAPHIN)+SF(N) *CAPJ (N) BLC 180
T T TRUNY =BLON® SASCAPKINY #SETNT#CAPGIN ) -GAMMAI NT®CAPHIN }-SE( N )$CAPJ(N) BLC 181
C{N) =SD(N) ®CAPG (N} ~BETA (N} *CAPH(NI-SO(NI*CAPJ{ N} __BLC_ 182
DINT = -AUPHATN) *TAPHINY BLC 183
IFLISTD .EQ. 1) GO T0O 576 e o
T GO Y0 (574,575) ,LACKU T T BLC 184
574 UPAS1=FACUL*UC(N,1) : BLC 185
T UPASZ=FACUZ¥UCIN,I] T ““’ T T T UBLE 186
GO YO 576 BLC 187
T 875 VIN = VIN) ’ BLT 188
__CALL TERP(YIN,YB1,VARL,NY,UPAS1) BLC 189
- L ] L ] T T T o ) 7 BLC ‘.90
516 F(N) = PRESS+FCON (4., 0UPASI—UPASZ)0CAPK(N)*(SB*UC(N.Z) - SC*UC Ny 3))8LL 191
8§ CONTINUE BLC 192
c BL: 193
~TC  SOUUTTUN FOR VEUICTTY PROFILE STARVS HERE, BLT 1947
c . BLZ 195
T DO 89 N=Z,NV TTTTTTTT B 196
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APIN) = A(N) RLC 197
APIN) = B{N) ALC 193
CPINY = C(N) BLE 193
DPIN) = DIN) BL: 299
89  FP(NY = F(N) e ST BLL 201
NO 77 N=2,NVML ‘ aLC 207
CPIN) = CPINYZRP{V) BLEC 203
NP{N) = DP{N)/RP{N} BLZ 204
FPIN) = FPI{NI7RP(N) ) ' BLZ 205
BP(N+L) = BP(N+41) — CP(N)®AP(N#l) BLZ 206
CPIN+I) = CP(N*#1) - DPINY®AP(N+1Y ' BLC 207
77  FP{N+1) = FP(N#1l) - FP{N)*AP{N+1l) ALC 208
UPINY) = UE(M#L,1) — 7 BLC 209
UPINVPL) = UPINY) BLZ 210
UPINV) = (FPINVI-UUPTNY)*®{DP(NV) + CPINV)))I/RPINV) BLC 211
DO 56 N=3,NV BLZ 212
NN=NV+#2-N - RLC 213
66  UPINN) = FP(NN) - DP(NN)®UP{NN+2) ~ CPINN}*UP(NN+1) BLL 214
no 65 N=2,NY ~ ~— T 77 T B BLZ 215
65  UCIN,1) = UPIN) BLC 216
IF(ITER) 843,841,843 T BLZ 217
841 DN 842 N=2,NVP1 BLS 218
T OVINGZY = VIN,IT T BLC 219
842 VISCIN,2)=VISC(N,1) aLc 220
DISSS=DTSS - T BLC 221
NDISS=NISP BLC 222
THETSS=THETS - T ) BLC 223
THETS=THETA ‘ BL: 224
" TGRADSS=GRADS : ) B o BLC 225
GRADS=GRAD (1) BLC 226
843 DN 5% N=Z2,NVPIL Tt o 8LC 227
55  VINgl) = VIN=L,1)-.5%{Y(N)-Y(N-1))*%(SA®{UCIN,1)+UCIN-1, 1))-33%(UC(BLC 228
LN, 2V +UCTN=-T,2YT#SCEFTUTTN,3V+0CTIN-1,31)} ' ALt 229
DO 56 N=1,NV BLS 230
56 GRADUIFILY = SDUN#IVTHUCIN+Z,IT+SEIN+IIFUCTINFL, 1Y-SFIN+1)=UC{ N, 1) BLC 231
GRAD (1) = C2*%UCI(2,1)+C3%UC(3,1)+C4*UC{4,1) BLZ 232
“CALU SFTITULAMQ,NPI NV,REB,X,V,UC, PRESS»GRAD,DELT,D1ISP, THETA,VISC,BLC 233
1MTRAN) BLC 234
TTER=TTERF I . oo BLC 235
GO TG (830,809) ,LOWER BLC 236
" TB09  WRITEUMOUT,BIOV ITER,GRAD(YY —  ~—  ~~ 77— =~ BLC 237
83C IF(ITER-9) 811,811,812 BL: 238
811 “FPW=ABSIGRAD(I¥Y-WALLGY  ~~——~——— "7 ~ ~ BLC 239
IF(WALLG~1.) 120,120,119 : BLC 240
119 FPWSEPW/WALLG T o o i BLC 241
120 IF(EPW-TEST) 812,314,814 BLC 2642
T "B1% WALLGEGRADTIY T BLC 243
GO TO 820 v BLC 244
812 DU %% N=I,;NY T T T BLC 245
UC(Ns3) = UC{N,2) BLL 246
TCINGZY = UCINGIT o Cme T BLC 247

44 CONTI NUE

MAXTT=TTER oo
IF(ISTD .EQ. 1) GO TO 99
DT 8B N= ILNY e
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48 USAVIM&L ,N)=UC(N,1)

SCALS(M+1)=RY BLE 249
99  rONTINUE ) ‘ BL: 250
XSEP=1,1 e , RLC 251
USEP=UE (MX,1) ’ BLC 252
222 CONTINUE ] .BLC 253
RE TURN BLC 254
END
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SURRAUTINE PLATSRL PINTOP , P, L )
REAL * 3 ORD(6)
DIMENSIAN P{200,7)s TITILS6) v NF(5,4)
1 » NFPL6)
DATA NL N2, NO , N&2 R
1 /71y 2 40 442 7/

NDATA DRD/ ' THETA-P' o' TORS ¢, ¢ FLAP=-H ', * BENO-1 *,
1« oL ¢ ' CM-A '/
IF(PLOTOP .EQ. O« ) RETURN
CIFC L oLTe 2) RETURN
IF (pLOTOP .FQ. 2.) GO YO 2
PLOTOP = 2,
CALL IDFRMY T 9CRIMI —PETE %, v30%, 195100 )
2 CINTINUF
3 NLop - e
o0 1 J= 1, 6
CALL EZPLOT(9. , NIl s NIy, Py P{lsJ+l)y L 4, -N1 , N2

-

v N&2 v 1 4" v 412 , ' PSI-DEGREES* , 8 , "WMNDL J)

2 4 Nl 4, NI, XL, XU v NI, YL » YU 4NL , NJ 4 NL)

1 CONTINUF
NFP(LY= -1 T T
NFP(2)= 65
NFP(3)= 50 T
NFP(4)= 50
- NFPT{51= 680 T
C»A»lt FZPLQt‘go [} Nl ] Nl' p M p(l'Z " L [ -N’. [ N2

1 o, N&2 s L 4, v 412 , ¥ PST-DEGREES' , 8 4, DORD{ 1)
2 + NFP ’ NL » XL o+ XU » Nl ’ YL ’ YU 'Nl‘o NOy, N1}

T NFP{1V= -2
NFP{2)= 66
T TTTNFPT4Y= 350 T
NFP(S)= 380 .
TTTUCALLT EZPLOT(S. e NI - e NI, P, Pl1l,6 ), L , =N1 , N2
1 o+ N&2 e L v 4,12 4 ' +. 8, ORDI 5)
2 4 NFP NL 4 XL , XU +» NI , YU , YU ,N1, NO, N1}
NFP(2)= 50
NFPT4) = 690 T
NFPIS)= 40
- CALU FZPLOY9., ., NI 4, NI, P, PUIL,7 ¥, L 4 -N1 , N2
1, N42 s L o % 412 L, ? * 4, 8, ORD{ 6)
R BRI | 2 N1 » XU » XU y NI » YL, VYO (NI, NO, NI)
NFP{Ll)=-1
T T TTTNFPUZ2TE=5D T
NFP(3)=50
T T TTTNFPURY=50
NFP(S)= 630 i
B 7 CK[[ sz[t’l‘qa * NI ’ N[' F [} P|1v3 19 L 1>-W 1'”_;\32
1 o Né2 e 1 4* * 4,12 , * PSI-DEGREES* , 8 , ORD{ 2)
2 NP, NI , XU ,+ XJ s NI + YU v YU N1, NO, NI}
NFP{1)==2
o NFP(?2) = 6% T
NFP{4)= 350 .
T NFPUST= 380 T
CALL EZPLOTI9. sy N1 ¢+ Nly P 4, Pl1ly4 D)y L 4 -N1 , N2
Ty N&G2 » T oV ¥V 4, 12 s v v s 8, ORDT 3)
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78

2

1
2

Xu

v NFP Nl o XL
NFP(2)= S50
NFP(4)= 690
NFPIS)= 43
CALL EZPLNT(9. s+ N1
v Ne2 9 1 4 ' 412
L) NFP ’ Nl ] XL ]
_RETURN

END

_

Xu

N1

N1

YL

YL

YU

8,
YU

N1y

ORD(
+N1y

NQO,

o NIy P, PUL,5 de Ly =N1,

4}
NO»y

N1)

N2

N1)



SURROUTINF STAG (MXy NY 4MSTNP,MST , DX, RY 4 DRY 4 Xy ¥y UE,UC, Ve USAV, SCALS,STAS

1TSEP)
C  PRCGRAM MR CALCULATING THE BCUNCARY LAYFR PROFILE MEAR
C YKE STAGNATION POINT
C

CCMMUN /BL1/ NTIME, ADIMC , ISTOD

NIMFASION USAV(30J,100),SCALS{300)

QIMENSION PHI7Z7(24) 4PHIP(24),FTAP( 24)

OINMENSINN X(300),Y(100),UE(30043),UC(10043),V(100,2)
DIMENSION EF(L0O) ,EFP(120)

STAS
STAG
STAG
STAS

STAS
STAG
STAG
STAG

NATA ETAP /D4 902908 0e69eBrleple2ylets 10691081205 2¢202+%92.642.843.5TAG

19302430%493069308 040 1402144404.6/

STAS

DATA PHIZ /049¢0233,,08819418679431249.45924.622,.7567, «3793,1.1645TAG
19914362+ 1Le55789147553,109538424153,24352692.5523,2.7522+2.952143.15TAG

1521+3.3521+3.5521,43.7521,3.9521/

STAG

DATA PHIP /04942265444145,.56634.6859,.7779,.8467,.8968,.9323,.9565TA5
18,.9732,.7839,.9905,.9946,.997,.9984, .9992,,9996,.9558, .9799,1., 1. STAG

lelavl./
BAG=,08
IF(ISFP) 10,10,5
5 BAG=45
10 EF(1) = 0.
EFPTLY ="0. o T T

DO 20 M=] ,MX
IFLUFIM,1)) 20,217,109
| 8 MSP = M
GC TC 21
20 CONTINUE

21 ASTAG = [UFTMSP+2,LV1-UR{MSP+1, 1117 (X(MSP+2)=-X{4USP+1))

IF(ASTAG) 22,22,23
22 ASTAG={UETMSP, 1) -UETNMSP-141) ) /{XIMSP)-XI{MSP-1))
23 SQAS = SQRT{ASTAG)

DELT = 2,675QAS =~ 77
3C9 IF(DELT-YI{(NY-3)) 311,310,310
310 RY=RY+DRY

CALL YSETU(RY,Y{2) ,NY,Y)

60 TR 309 T
311 COCNTINUE

NC 80 N=2,NY~ ~

YET = Y(N)=*SQAS

DO 33 NN=L,24 — 0T oo

IF(YET-ETAP{NN)} 408,408,33
4C2 MARK = NN T 7T ’

GO TO 410
33 CONTINUE -

FF(N) = YET-.6479

EFPIN) =TT,
GC ¥C 80
410 FRACT = (YET-ETAP(MARK-1))}/(ETAP{MARK)—-ETAP{MARK-1)}
FRACL1 = l.—-FRACT
EFIN) = PHTZTMARR-LIV*FRAC1+PHIZ (MARK) *FRACT

EFP(N) = PHIP(MARK-1)*FRACL+PHIP{MARK ) *FRACT
8C CONTINUE — = - == om— — o e

M1 = MSP-MSTOP

M2 = MSPAMSTOP

nou

STAG
STASG
STAS
STAS
STAS
STAG
STAG
STAG
STAS
STAS
STAG
STAG
STAG
STAG
STAS
STAG
STAS
STAS
STAS
STAS
STAG
STAS
STAS
STAS
STAG
STAS
STAS
STAG
STAS
STAS
STAS
STAG
STAS
STAG
STAS
STAS
STAS
STAG
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50

71

55
g1

80

M=Ml-] T : o
M=M+ ]

MST=M¢]

SCALS(M) =RY

D0 71 N=1,NY

UCIN,3) = UCIN,2) o
UC{Ns2) = UE(M,1)*EFP(N)
VINs2) = VIN,1)

VINs1) = —SQAS*EF(N)

~ IF(ISTD .FQe. 1) GO TO 71
USAV {MyN)} =UC(N,2) )

CONTINUE

IF(M-M2) 50,55,55
TF(UF(My1)-BAG) 50,50,81
CCONTINUE

RE TURN

END

STAS
STAS
STA3
STAS
STAG
STAG
'STAG
STAG
'STAG

STAS
STAS
STAS
STAG
STAG
STAS

STAG



25
S0

15

SLRROUTINF ATTPR(PRECXSEGyNS IGy ASZy ASy ARy CMAT , RMAT (MGAMNFE, ACAP,TATTPR

IHICK yRDBB ,GAMAW, UINF 4L DOT ,DX1 4B AP) ATTPK
NIMENSTIN XSTIGU100) 4ASZ(30),A5(30,30),AR(30),RCAPL1CS,3) ATTPR
NIMFASION ACAP(30,3) sTHICK{24),GAMAN{ 1000) ATTPR
NCURLE PRECTISION CYAT{(60,60 )y RMAT(130) ATTPR
PI=3.14159 ATTPR
NGP1=NGAM+] : ATTPR
DO 50 M=1,NGP1 . ATTPR
CMAT(My1)=AS7(M) ATTPR
RMATEM) =AR (M) o ATTPR
DC 25 N=1,NGAM : ATTPR
CNAT (MyN+1 ) =AS (M, N) . ATTPR
CONTINUE N ATTPR
CALL ALSOLINGP1 ,CMAT ,RMAT) ATTPR
DO 75 M=1,NGP1 ATTPR
ACAP(M,y]1) =RMAT (M) ATTPR
GAMAW({1) =GAMI {ACAP ,DXT1,PIY ’ ATTPR
SAVE=XSIGINSIG+1) ATTPR
XSIG(NSIG#1)=2, ATTPR
CALL CPC(OyNGAMyNF o XSIG ¢NSIGyXSTGyNS IGy XS [GyNST54ACAP,BCAP, THIZK RATTPR

1NRB, GAMAW,UINF ,UNNT y1.,SAVE,DXI, PREC) ATTOPR
XSIG(NSIG#1)=SAVE ATTPR
RETORN 77 ’— T ) ATTPR
END ATTOR

O T AP NAPD DN —

81




10

12

15

82

SUBROUTINE UNPOP (NGAM,AR 9 ALAMyAFACT,RMAT, CMAT, XGAM, AS,ACAP, X NZ yNUNPOP

1F,XSIG43CAP, THICK yRDRBUINF X CyUF) UNP3P
DIMENSION AR(30) ,ALAM(30),XGAM(30),AS(30,30),ACAP(30,3),XSI3(1J0),UNPOP
18CAP(10043) yTHICK(24),XC(300) yJE(300+3) UNPDP
DOURLE PRECTISION RMAT (1300 ,CMAT(60,60 ) UNPOP
NGPL=NGAMEL UNPOP
DO 5 M=l ,NGPl UNPOP
SUB=AR(M)~ALAM(M) *AFACT /3, UNPIP
RMAT (M) =SUBR UNPIP
CMAT(M,Ll)=1, S UNPOP
CMAT(My2)=XGAM(N) UNPOP
DO 5 N=2,NGAM UNPOP
CMAT (M N+L)=AS(M,N) UNPOP
CALL ALSCL(NGPL,CMAT yRMAT) UNPOP
NO 10 N=1,NGPL UNPIP
ACAP (N, 1) =RMAT (N) o UNPOP
DO 15 M=1,MX UNPOP
SIGN=1, L , UNPNP
IF(M-NZ) 12,14,14 UNPDP
_ SIGN=-SIGN UNPIP
CALL QEZAL{O,NGAM,NGAM,NF XS TGy ACAP,BCAP, THICK, ROBB 0oy UINF s XC{ M), UNPIP
LUE (Ms1) ,SIGN) _ e _ UNPIP
CONTINUE UNPOP
RETURN o UNPOP
END UNPOP

VDO~ WwN e~




SURROQUTINF ALSOLINT, C, R)
DCUBLE PRECISION C NDIMC,NDIMC), R(130) ALSOL
NOURLE PRECISICN CMAX4SAVE,SUM
rOMMON /RLL/ NTIME, NDIMC
NT] = N¥=] =~ 77 TTToTrommooTmTm o
N0 99 J=1,NT1
cMax = CINT, )
L=NT
DC 10 [=J,NTL
IF (DARS(CMAX)-DARS{CII,J))) 5,10,10
5 CMAX = €T, 37—
L=1
10 CONTINUE
DC 15 JJ=J,NT
SAVE = C{L,JJY
C(LyJJd) = ClJyJ9)
15 CldyJdJdy = SAVE/CMAX 7 o

SAVE = R{L)

RI(L) = R(NY

R(J) = SAVE/CMAX
JPL = J¢el T T

NO 25 1=JP1NT
ND 20 JT=JPL,NT R

20 CUI,JJ) = C(I4dd) = CU1,J)%CLJ,30)

25 RUI) ="R{TY ="RUJy*C(1,07 ‘

95  CONTINUE o

RINT) = R{NT)/C{NT,NT}
NN 150 K=1,NT1 o

TENT=K o

IPL = 1+1

SUM =05

N0 125 J=IPL,NT -

125 SUM = SUN + ROJT#CTT, 0~ 77~
150 R{I) = R(I) - SUM

© " UTRETURN




SUBPNUTINE CPCUTSEP yNGAMy NFoXSTIGy NSIG,XSIGA,NSIGA,XSIGB,NSIGI,ACAPCPC

1eBCAP, THITK (RNBB ,GAMAW,UINF,UNOT, S IGNyXCy DX I, CP ) cPC
DIMENSIIN XSIG(100) yXSIGA(L00),XSTGB( 100),ACAP(30,3),8CAP{100,3) CPC
DIMENSTON GAMAW(1000) 4THICK(24) v cpe
THE TA=ARCT (XC) cPC
RECTIP=1./(UINFEUINE) cpe
SUM=0, cPC
ANGLE=0. cre
DO 5 N=1,NF €PC
ANGLE=ANGLE#THETA , cPC
SUM= SUM+ THTCK (N) #CNS (ANGLE) cPe
CP=UDNT*RECIP¥{THICK(1) +2.%(1.~XC)#SUM) cPC
CALL OECAL(ISEP,NGAM,NS IGyNFyXS Gy ACAP, BCAP, THICK ,RCBR, GAMAW( 1} UICPC
LMF ¢ XC Uy SIGN) cPC
CP=CP+2. *(STGN*U/UINF-1.) CPC
CALL EGAMI (1 NGAMyACAP,BCAP(141)yXSIGIL1)sXSIGINSIG+L),GAMAW( L), XC,CPC
LVALY) cPC
CALL FGAMI (24NGAM,ACAP,RCAPIL1,2) 4XSTIGA(L1)oXS IGA{NSIGA+L),GAMAW(2),CPC
1XC,VAL2) cPC
CALL EGAMI (34NGAM,ACAP,BCAP({1,3),XSIGBI1),XSIGBINSICR+L),GAMAWI3),CPC
1XC 4 VAL3) cee
CP=CP+SIGN*RECIP#(1 ., S*ALL-2.*VAL2+.5%VAL3)/OX] _ cPC
IFTISEP) 20,20,10 ce:
CALL FSIGI(1,NSIG4XSIG,BCAP,XC,VAL1) cPC
CALL ESTGI (24NSTGA,XSTSA,RCAP,XC,VAL2) cpC
CA;EM§SIG!(3.NS!GB.XS[§§!§CAP'XC VAL3) _ cee
CP=CP+RECIP*(1.5%VALL~2.*VAL2+.5%VAL3)/DXI cPC
CP=—CP S - cPC
" RETURN ces
END

84
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SURRDUTIME CLEMINCOT JISEPyNGAMy XSTGyNSIGy XSTGA,NSTGA,XS [GR, SIGR,ALLLY

LCAP,BCAP s THICK yRDBB 4Gy MAW o UINF, UDOT, DX I, AROT,CYPA) cLcH
COMMON /CLCMBL/  CLVR, CMVR, CMPAVA MALN
DIMENSTON ARGL{21) JARGHI21) cLem
NDIMENST IN GAMAWI1000) ,THICK(24) cLcH

DIMENSTAN XSIGIL00) ¢ XSIGA(100) 4 XSIGR{100)yACAP{30,3),RCAP(130,3) CLCM

4 FORMAT(//760X,4HCL =FE13,5/40X,4HCM =F13.5,17H (AROUT MIDCHOR D) /40%X,CLCH
14HCM =F13.5,24H (ABOUT PITCH AXIS = A =FT.4, LH)) CLCM
MOLT=6 CLCM
SAVE=THICK (1)} o o v cLC™
THICK(1)=0. o ) CLCH
NT=3.14159/FLNATI(NGATY CLCM
CL=0. o ) ' CLCM
CM=0, CLCM
Xl{=-1. CLIM
ANGLF =0, CLCM
FLI=0., T/ cLCH
FMI=0. CLCM
[F(ISEP) 5,5,7 v CLC™M

7 XATT=XSIGINSIG+1) rLCM
IF(XATT-.95) 8,45,5 ) ) CLCM

8 XAQ=XATT+5,F-4 CLCM
"XAP=XAQ+.025 T T ’ CLCH
Cl=-.5%{1.+XATT) cLCM
c2=Cl+XaT¥y —— 7 ‘ CLCM
C1P=.5%(1.-XAP) cLeHM
Toc2p=ClPexXaP T T 7 CLIM
DC 10 [=1,NENT CLCM

" ANGLE=ANGLF+0T T CLCM
XIP1=C1#*C0OS {ANGLE)+C2 cLCM

CALL CPCTUISEP NGAM, 1 JXSTG,NSIGyXSIGA NSIGA,XSIGBNSIGB, ACAP ,BCAP,TCLCM
14ICK . PDRA.GCAMAW,. UINF UNOT 1.0 +XIP1,0X [,CPU) CLCM
CATL CPCIISEP NGAM, 1 4XSTGINST Gy XSTGAy NSTIGA,XSIGRyNSIGB, ACAP y8CAP ,TCLTM
1HICK yRDBB,GAMAW,UINF,UDOT y=1, ¢XIP1,DX [,CPL) cLCH

T TFLTP1I=CPL-CPU D T CLCM
EMIPL=XIPL%FLIP] CLCM
CL=C+XTIPI-XTV* [FLIPL+FLT) o CLCM
CM=CMe(XIPL—XI)*(FMIPL+FMI) cLem
xit=xyet - —— 7/ 7 CLCM
FLI=FLIPL CLCM
IO  FMIEFNMTPI T o CLCM
X1=1. cLCM
FLI=0. o ) - - 0 7 CLCM
FMI=0, : CLCM
ANGLE=0. T CLC™

NC 15 1=1,NCOI . CLCM

T TANGUESANGLERDT o CLCM
X1PL=C1P*COS{ANGLE) +C2P cLC™

CALL CTPCUISEP;NGAM, I s XSTG,NSTGy XSTGAs NSTGA,XSTGR,NSIG3, ACAP,3CAP,TCLCM
1HICK 4RDBB,GAMAW yUINF ,UDOT 41.04X1P1,0XT,CPU) cLCM
TCALL CPCUISEP«NGAM, I XSTG NS TGy XSIGA; RSTIGA,XSTGR,NSIGB, ACAP ,ACAP,TCLCM
IHICKRDBB yGAMAW,UINF ,UDOT y=1.4X1P14DXI,CPL) CLCM
T FLIPISCPL-CPU T CLCM
FMIPL=XIPL*FLIP1 CLCM

T CLECL=TXTPI=XTT# (FLIPI+FLI] T CLCM
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CM=CM=(XIPL=XI)* (FMIPL+FNI)

CLCM
X1=x1P1 CLCM
FLI=FLIPL CLCM
15 FMI=FM[p CLIM
XIPL=XAQ CLCM
NN 16 1=1,21 CLCH
CALL CPCLISEP,NGAM,1 yXSTGoNSTGyXSTGA,NSIGA,XSIGB,NSTGR, ACAP 4BCAP,TCLCM
LHICK ¢RDAB y GAMAW 3 UTNF ,UNDT y1.,04,XIP1,DX1,CPU) CLCM
CALL CPC{ISEP NGAM,1 4XSTGyNSTGyXSTIGA, NSIGA,XSIGR,NSIGRy ACAP ,RCAP,TCLCM
IHICK yRDBB yGAMAW JUINF yUDNT y—1 4 yXIP1,4DX I,CPL) cLCM
ARGLI{TY=CPL-CPU cLCM
ARGM(1)=XIPL*ARGL(T) CLCM
16 XIPL=XIPL+,00125 cLCH
SUML =0. 3 cLCM
SUMM=0, CLCM
DO 17 1=1419,2 CLCM
SUML=SUML#2, ®*ARGL(T ) +4, ®ARGL{ I+1) CLCM

17 SUMM=SUMM#2 , ®ARGM{] ) 44, SARGM( 1+1) CLCM
CL=CL+0.833333F-3%x(SUML+ARGL(21)-ARGL (1)) CLCM
CM=CM+0,833333F~3%{ SUMM+ARGM{ 21 )-ARGM (1)) cLcH
BCON=16.%RCAP(1 1 ) ®*SORT (5. E~4*(XATT~XSIG{ 1)) )}/UINF CLCM
CL=CL+RCON o B CLCM
CM=CM+XATT*BCON CLCM
GO 10 130 - CLCM

5 DO 99 1=1,NCOT CLCM

 ANGLE=ANGLE+DT CLCM
XIPL=-COSC(ANGLE) CLCM

_ CALL CPC{ISEPyNGAMy1 ¢XSTGyNSTIGyXSIGA, NSIGA,XSIGB,NSTGB, ACAP ¢BCAP,TCLCM
1HICK,3DBR, GAMAW, UTNF 4UDNT y1.3 ,XIP1,DX1,CPU) cLCH
CALL CPC(ISEPyNGAMy14XSIGyNSIGyXSIGA,NSIGA,XSIGByNSIGR, ACAP ,RCAP,TCLCM
"LHICK,RDBB,GAMAW UTNF yUNOT y~14 ¢XIP1,DX1,CPL)} CLCM
FLIP1=CPL-CPU o CLCM
FMIPL=XIPL*FLIP1 CLCM
CL=CL+#(XIPL=XI)#(FLIPL+FLI) e CLCM
CM=CM+ IXIPL1=XT) *$(FMIPL+FMI ) CLCM
XI=XIPl o CLCM
FLI=FLIP1 ) CLCM

99  FMI=FMIP} CLCM

100 CL=.25%CL CLCM
CM=-.125%CM - o CLCM
CMPA=CM+ AROT*CL®.5 T T CLCM
WRITE (MOUT 44) CL,CM,CMPA,AROT CLCM

© THICK(1)=SAVE CLCH
cLve = CL MAIN
CMVB = CM T MAIN
CMPAVR = CMPA MAIN
RE TURN ) [ o N D
END

86

6§




SURRCUTINE QFCAL (ISEPyNGAM,NS IG, NF XS TGy ACAP yRCAP, THICC yRDH3,5A AMAQFCA L

12 UINF 4 XC yUoSIGNI

DECAL
NIMENSION ACAP{30,3) ,8CAP(100,3),XSIGI(100} QFCA L
DIMENSION THICK(24) QFCAL
EPS=1.F-6 QECAL
CORR=,707107/(1.,~.63662*SCRT{RDRR)+,25%RLAR) QFCAL
SINT=SQRT{1.-XC*XC) QECAL
THETA=ARCT{XC) QECAL
cauNT=). QFCAL
Sym=0, _ QrcA L
SINT2=SIN{.5%THETA} QECAL
COST2=CIS{.5%THETA) QECAL
IF{SINY —EPS) 4,6,6 2ECAL

4 " FACT=THETA%*,5 QECAL
GO TN 8 QECAL

6 FACT={1.~-XC)/SINT QECAL
8 DO 10 N=L,NF T AECAL
COUNT=CNUNT+1, QECAL
ANGLE=THETA*COUNT ~ QFECAL
SUM=SUM+ THICK(N) # (COUNT ®FACT #STN{ ANGL E)~CDS (ANGLE) ) QFCAL

10 CONTINUE —~ ~ 7o QECAL
U=2,¢STGNSUINF2TOST28SUMEACAP (L, 1) #SINT 24 ,25%CIST2%( 1.+ XCI® (3. XC-QFCAL
TI1.TEGEAMMA - QECAL
SuM=0, QFCAL
ANGLE=O0. T 7 QECAL

DO 12 N=1oNGAM QECAL
ANGLE=ANGLE+THETA T QECA L

12 SUM=SUM+AC AP (N#1 ,1) *SIN{ANGLE) QECAL
T IR CNSTZ ZSUM Tom QFCAL
IF{ISEP) 25,99,25 QECAL

25 SUM=0, D T QECAL
XSEP=XSIG (1} QECAL
XATT=XSIGUNSTG# Y1) 777~ QECAL

DO 40 N=2,NSIG QECAL

40 TSUMSSUM¥BCAPIN,LV*FBIXSIGIN-T), XSTIGINY, XSTGIN+1),XC) QECAL
IF(XC-XATT—EPS) 45,45,46 QEZAL

46 FACT=(I <XATTY##[-1.5T¥SARTIIXATT=XSEP) #{1.~XC) Z/IXC—XATT )% { L.+3.,%QFCAL
IXATT=6.%XC)—SIGN*( 1 .-SQRT { (XSEP=-XC}/ ( XATT-XC})} QECAL

GO YO 55 . T o QECAL

45 IF(XSEP-XC) 49,49,48 QECAL

TRF T FACYE=SIGNF(L,=SART IS EP=XCY7/IXATT-XCNYY ~—— ~ 77 QECAL

GO TO S5 QFCAL
49  "FACT=-SIGN TTTrTrr o o QECAL
55 UsU+COST2%{BCAP{1,1 Y #*FACT+SIGN*SJIM) : QECAL
99 UsTSTGREUTNF#SURT L. #XCT+  CORRFUY/SQRTTI +XC+.5*RCAR) QECAL
RE TURN QECAL

- END o
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A
A
c

SLBROUTINE YVRLY, I)

REAL Y(10)

REAL MvA

CCMMON /INPTVR/  FTVR(64)s FPVBI64), FPPRVBL64), DINRVR{54),
XMVR{64) 4 NDELVR, XMUV B, FOVR, XMUAVR,
ATOVR, ATCVB, ATSVB, ROVB, RVBL64),
MVB(64), \NvVE

Y(1) = (RVB(I) - NELVR)®*#2 * MVB(])

Y(2) = FPVBII)*%2 * MVB(I)

Y{3) = FTvall)**2 * DIDRVBII)

Y{4) = (DELVA = RVA{I)) * FTVR(I) * XMVB{I) * MVR(T)

Y{5) = FPVB(I) * FTVB(I) * XMVA(1) * MVA(I)

Y{6) = RVBII) * (DELVR - RVB(I))& MVB(T)

Y(8) = (RVBI(I) - NELVA) * FPPRVA(T) * FTVRCI) * XMVB(1) * 4VyR(1)

1Pl = I+1

TF(IP1 .GFE, NVB) GN TO 12
SUM = 0O,

DO 10 J = IPL, NV3

SUM = SUM —TRVB(4+1) - RVBI(4)) * [RVBL4+1) * MVB(J+])
A+ RVB{J) * MVR{J))

Y(T) = FPPRVB(I) *x 2 & SUM / 2.

RE TURN e

END - -

YVR

YVR
Yva
Yva
Yve
Yva
YVR
yve
yva
YvB
yva
Yvs
YVR
yvae
YVA
Yve
YVA
Yve
yvs
Yvs
YVB

YVB

O O~ PN



C

7

€01
12
14

15
17

18
19

33

34

7

40
45

SURRCUTINF PALLY(N,RBS,REL,AN,AA)
INPLICTIT REAL%*8 (A-H,N-7)

CCMPLFEX RODTS 0OF A PCLYNOMTAL BAIRSTOWS METHND

NIMFNSTON A(3)),\H(60!'C(26)pABAR(26) B8130),AA( 3C)

111=1

NP1 =N¢1

NPPL=N+2

DO 6C1 I=1,NPL
LLL=NPP] -] '
A(T)=AA(LLL)

Do 14 K=1,NP1
ARAR (K} =A[K)
ARSSQ=RBRS®RARBS
RELSQ=REL*REL
NBAR=N
Bll1)=A{l}
cl{ry=a11y
IF{NRAR=-2) 2004210417
Pl1=,2 S '
Q1=

1TER=D - el
Pl1=P1%5,

QT=QT*10.

P=P1
Q=Q1
NRPL=NBAR+1

Lt=1 "~ "” o
LAST=NBAR

ODTFS5T=5.59D356

BAIRSTOW [TERATICN

B {2V =ARARTZY-P¥BILY
DO 40 K=3,NBPL

BIKV=ABAR{KY-P*B{K-1J-Q*BIK-2}

C(21=B(2)-P*Cll)

T D0 50 K=3,LAST

50

GC DELPEIRITASTY®CILAST=IT=RITCAST#T¥CIUCAST=27Y/7D"

CI{K)=B{K)-P*C{K-1}-Q*C(K-2)
CUCASYY=CTLASTI-BILASTT

D=C(LAST-1)#C{LAST~1)-CULAST)*C{LAST-2)

DSQR=D¥0 T
IF({DSQR-1.D-36)19419,60

DELQ=(B{LAST+1) *C(LAST- 1)—B(LAST)‘C|LAST))ID

" TEST FOR CUONVERGENCE
RELP=DELP/P

RELQ=DELW7Q
RELPS=RELP*RELP

T T RELUSERELQFRELU

DELSQ=RELPS+RELQS

- PEP¥DELP

Q=Q+DELQ

" TFIRELPS=RELSTI 7T+ 70,65

IF(DELPXDELP-ABSSQ)T0,70,80

TFTIRFLUS=RELSUIT 20,120, 75
1F(DELQ*DELQ—-ABSSQ) 120,120,80

GO TC U90,1007,C

pPOLLY
POLLY
POLLY
POLLY
POLLY
POLLY
PoLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
PaLLY
POLLY
POLLY
POLLY
POLLY

POLLY
POLLY

POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
POLLY
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SO ITFR=ITER¢l

| POLLY 56
TF{250-1TER)310,37,37 POLLY 57
1CO IF(NTEST-DELSQ)34,34,110 POLLY 58
110 DTEST=DELSQ i POLLY 59
R(2)=A(2)-P%B(1) POLLY 60
DO 115 K=3,NPl POLLY 61
115 R{K) =A(K)-P*R{K~-1)-Q#*8{K-21} POLLY 62
GO TO 45 POLLY 63
C ITERATION HAS CGNVERGED POLLY 64
120 GO TC (130,4143),L POLLY 65
130 L=2 POLLY 66
LAST=N POLLY 67
GO TN 110 POLLY 68
c FACTOR DUT QUANRATIC POLLY 69
140 NBAR=NBAR-2 POLLY 70
 NBP1=NBAR+1 A _ POLLY 71
ARAR{2Y=ABAR(21-P*ABAR(1) = POLLY T2
DO 150 K=3,NBPL POLLY 73
150 ABAR (K) =ABARTK)-P*ABAR{K~-1)-Q*ABAR(K~2) POLLY 74
Ga o 2%0 POLLY 75
c SOLVE LTNEAR EQUATION POLLY 76
200 NBAR=NBAR-1 POLLY 77
T T TRI=-ABAR(2)/ABAR (1) ) o POLLY 78
R2=0, ) POLLY 79
60 TO 262 POLLY 80
C  NORMALIZE QUADRATIC POLLY 81
210 P=ARAR(2)/ABAR(1) POLLY 82
Q=A3AR(3)/7ABAR(1) ) POLLY 83
NBAR=NFAR=2 N POLLY 84
C  SOLVE NORMALIZEN QUADRATIC POLLY 85
250 R1=-P/2. POLLY 86
B ~ Cl=R1*R1-Q POLLY 87
IF(C11270,2804260 POLLY 88
260 C1=DSQRTIC1) o POLLY 89
R2=R1-C1 POLLY 90
R1=R1+4C1 POLLY 91
" 262 Ci=0. — T POLLY 92
GO TO 290 POLLY 93
270 C1=-C1 ~ T POLLY 94
C1=DSQRT(C1) _POLLY 95
280 R2=R1 Tttt T " POLLY 96
290 C2=-Cl POLLY 97
TANITITY=C1 POLLY 98
AN(IIT1+1)=R] POLLY 99
T RANTTITR2Y =2 Tt T POLLYLO00
AN(11143)=R2 POLL Y101
TTr=11T+% POLLYLI02
IF(NBAR-1)4,200,15 POLLYLO3
c T SPECTAL TDNDITIONS - POLLY1 04
310 WRITE (6,600) POLLY105
600 FORMAT{IX,50HNO CUNVERGENCE IN 250 TTERATYIONS .PDLLY HAS SPIKEN) POLLYLO6
4 CONTINUE . : POLLYL1O07
“WETURN POLLYIOS ™
END
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SURRCUTINE SETTTILGOyMyNV 4RER yX 3 Y ¢UCy PRESSsGRAND, DEL T, DI SP, THETA,VISETUP 1

1SC . MTRAN) SETYP 2

c SETUP 3
C SUBROUTINE FOR CALGCULATICN CF BOUNCARY LAYER THTICCKNESS, SETUP 4
o DISPLACEMEVT THICKNESS y MOMEATUM THICKNESS AND FDDY VISCNSITY, SFTUP S
c SETUP 6
DIMENST IN X{300),Y(100) 4UCL100¢3),VISC(100,2),GRAD{ 10D} SETUP 7
RTR=SQRT (RER) SETUP 8

NY = NV &+ 2 SETUP 9

UEDGE = .995%UCIAY,1) SETUP 10

DO 10O N=1,NV SETUP 11
IF{UEDGE-UC {MN+1,1)) 41,41,10 SETUP 12

41 NDELT = N ST . SETUP 13
Ga 10O 20 SETUP 14

10 CONTINUE SFTUP 15
20 DELT = Y(NDELT)+(UEDGE-UC (NDELT s 1))*(Y{NDELT+1)-YINDFLT })/( JCINDELSETUP 16
IT+#1,1)-0UCTNDELT, 1Y SETUP 17

SUM = 0, SETUP 18

NDC 50 N=2,NY SETUP 19

50 SUM = SUM# (YIN)-Y(N-1)) ®{UCIN,1)+UCIN-1,1)) SETUP 20
DISP = {Y(NY)-.5%SUMJUCINY,1) )/RTR SETUP 21

SUM = 0. SETUP 22

" UEDGE = UCINY,1) SETUP L

DO 6C N=2,NY SETUP 24

60 SUM =" SUMFTYTNT=YIN-IV T ®{{UEDGE-UCIN, 1) Y RUCIN, L 1 $#(UEDGE~-UCI N=1, L)) SETUP 27
1*UC(N-1,1}) SETUP 26

T THETA = .5%«SUM/ (RTR®UEDGE**2)- SETUP 27
IF(LGO) 53,53,56 SETUP 28

53 NVPI=SNV+ T T SETUP 29
EASF = 1. SETUP 30

I[F {M=MTRANY 31,32,32 ~ ~~—— "~ 7 SETUP 31

32 IF(MTRAN+5-M) 31,31,33 SETUP 32
33 EASE = (XUMI-XUMTRANYI7 (XUMTRAN#5T-XUMTRAN}) SETUP 33
31  CONTINUE SETUP 34
T TTTTTNNER=E0 T SETUP 35
FAC] = .16 *RTR®EASE SETUP 36
FAC? = .Ol6B¥UFDGE¥DISP¥REBSEASE ~ SETUP 37

FFAC1 = -RTR/26. SETUP 38

" FFATZ = PRESS/RTR. - SETUP 39

TAUW = GRAD(1)/RTR SETUP 40

U7 T DO T80 N=Z,,NVPL Tt T SETUP 41
ALTER = 1,+4FAC2/(1.+5.5%(Y(N)/DELT)*%5) SETUP 42
TF{TNNERY 402,401,407 ‘ - T T SETUP 43

402 VISCIN,1)=ALTER : SETUP 44
TGO T 160 T SETUP 45

401 CONTINUE : SETUP 46
T T T YAUMY=TAUW=YINT ¥EFATZ SETUP 47
IFL{TAUMY) 701,701,702 SETUP 48

7C1 “ VISCTIN,IT=I. T SETUP 49
GO TD 703 SETUP 50

702 FXSYINV¥EFACT¥*SQRT{TAUNYY T SETUP 51
VISC(NsLl) = L. +FACL*Y(N)*Y(N)*ABSIGRADIN) )1 *#{ 1.-EXPIEX]))*%2 SETUP 52

TC3  IFIVISCIN, [T=ALTERY 1580,160:521 o SETUP 53
521 VISC(N,1)=ALTER SETUP S4

" T INNER=1 ' T SETUP 55
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16C CONTINUE

162

92

SAVE=]. o
ND 162 N=2 ,NV
RAVE=VISCIN,1)

VISCINy1)=({VISC(N+1 1) +RAVE+SAVE) /3,

SAVF =RAVE
CONTINUE

RE TURN

END

SFETUP
SETUP
SETUP
SETUP
SETUP

. SETUP

SETUP
SE TUP




[aXeNelel

25

24

-~ O

21

SLRROUTINF MIXER(FPRES ¢ PREC,UINFUNOT g THICKyNFy XBSTGyNS IGy INDT,DELMIXE R

LLsTHETL ,REBLUSEP X4, P&}
DIMENSTON FPRES(120),THICK(24),XBSIG(100)

FCAP(X) ==19,556%X+107.535%X%X-336433%X*%34508,1%X**4=295,96%X¥&5

UIL (X)) ==036532% K4 .,68425 € X ¥X—, 45293 %X % %34 ,659 28X %4
UT2(X)==4045929%X~1,91615%X*X $2.91843¥X*%3-5,42125¢ X %4
DIST=.5%(XRST{G(2)-XBSIGI1))

XSEP=XBSIG{1)-DIST

XATT=XBSIG (NSIG)+DIST

IF INDT TS NONZERO, THE BOUNDARY UAYER IS TURBULENT
AT SEPARATION.

CALL H4XA(UINDTy XSEP,DELL2THET 14 XATT,REByUSEP X3, H3y X4,H4G)
IF(X$FP-1.0 24,25,25
£P4=0,
6a Y0 27 o
URAT=EXP(~.08712~UT1{H4)=.24T723%{ ,3255+U12(H4}))
CP&=1,-{1.=PREC) 7URAT**2
DEADL=XATT-XSEP
IFIDEADU=2.7 5,646
G=(.S«DEADL) *#2 R
AT T )
G=1 L ] e e —m -
CP4=PREC+{CP4-PREC) *(1.-G*XSEP]
CONTINUE o
COEF=(PREC-CP4) 7 {XATT-X4)
C2=2.%UDOT/UINF
T2 = =2 %UINF
NO 20 M=1,NSIG
sSuM=g,"
COUNT=0. e
CXEXBSTGTMY T
IF(X=1.) 24293

2

THETA = ARCTIX]

TANT = SIN{.5%THETA)/COS{.S*THETA)

Cr = —CZFTL.-COSITHETRYY

DO 10 N=1,NF o
T.CUNT=COUNT+I, T
ANGLE=C OUNT*THETA

MIXzR
MIXER
MTXFR
MIXE R
M1 XER
MI XER
MT XF R
MIXER
MIXER
MIXER
MIXER
MI XF R
MIXER
MIXER
MIXER
MIXER
MI XER
MIXER
MIXER
MIXFR
MIXFR
MIXER
MIXER
MIXER
MIXER
MI XER
MIXER
MTXER
MIXER
MI XE R
MIXER
MIXER
MIXER
MIXER

MIXER

MI XER
MIXER
MIXZR
MIXER

IO SUMESUMF THICKINT ¥FTCT¥COS TANGLET #CZ¥F T COUNT ¥TANT¥*SINUANGLUE)-C ISTANGLMI XER

1E)))
- SUN=SUN-.5*CZ*THICKII) T
GO 10 35 :
CI=CT*(1.-X1 T
XRAD=1l./{X+SQRT{X*X~1.})

CI=CZ¥#IX-1.) I —

RF=SQRT((X-1.)/(X+1l.))

" SUMETHTITRUT) ¥ XRADE(CZ¥IRF-1.TCZ ¥ 1,.- . 5%XRADTY
FRAD=XRAD —
" COUNTY=I.

00 30 N=2,NF

CTUNT=COUNT#T,
FRAD=FRAD¥* XRAD -
T SUM=SUM# TRICTKINY ¥ RAD¥{CZ*({COUNT*RF=1.T+CI}

MIXER
MIXER
MI XER
MIXER
MIXER
MIXER
MIXER
MIXER
MIXZIR
MIXER
MIXZR
MIXER
MIXER
MTXER

DN DS N
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35

50
55

20

94

CP=CP4

TF{X-X4) 55450,50
CP=CP+{X-X4) *COEF
CONTINUE

FPRES(M) =—UTNF*CP+SUM

CONTINUE
RE TURN
END

MIXER 56
MIXER 57
MIXER 58
MIXZR 59
MIXER &0
MIXER 61
MIXER 62
MIXER 63



30

40

41

16

SUBROUTINE BURR(DFLL ¢THET1 3 REByXCLyUl o XCS59NCPyDEL Sy XgXC o MX 3 NZ X 5,08 UBA

15 UE sALTC o RENFL ,UST NP)
NIMEASIIN X(300) 4XC{300),UE1300,3)

FCAPIX)==19.556%X+107.5535%X¥X =336 ,33%X%%345)8, 1 %X*44-295,95%X%%5

UTLEX)=2=046532%X+.5B8425%X%X~,45293%X%%34 ,659 2%X #%4

UT2{X1=~.045929%X~1 . 91615%X*X 42 ,91843¢X*%3~5,42125¢X*%%4

BRI
RUR2A
AR
R{JR3
BURG

FOELTIX)=FXP(245773~434252%¥X -4 3T79%X%X-,0765116X%%3-,)037T70 T%xXk%4)BRUR3
FAICHIX)=EXP(-3.7481+.038TT2%X+.4196T7#X*X+,0T1046%X*% 3+ ,0032162%X&3URA

L*4)

3134

PELTIX)==0 04532 9%ALNGIX) =3 .9242%X+.54535%X*¥X-1.3914T#X%3-1,3625%3U33

1 X%%4

BU33

FCRMAT (1H]1 944X ,31HANALYSIS OF LEANINC~FDGE BURRLE////34X,y LH Yy 19X,y 10O URKK

IHU 919Xy lHH 3 18X 4HDNTSP/)
FORMAT(20X44FE20.5)
MOUT=6

H1=,25

H5=.429

NC 5 Mz=NZ,MX
IFI{XC1-XC(M)) 4,4,5

Ml =M

G YO 6

CCNTINUE

XL=X (ML -1T+TXTMLT-XTMT-ITF#TXCTI-XT{ML1-1))/(XC{M L }-XC(ML=-1})

X4=X1+RENEL/{UL *REB)

ARG=ALOG {IX4-XIY/TRERHNELL*NELLI*U1))

H4=  ,25%FAICH(ARG)

DEL4=,53*%FDELY (ARG) *DEL1

X5=X4+10.5%¥NELG* (L.~ (HG/ . 429)**2)

IFLUL-USTOPY "21,41,40 — ~ 7~ "

ALTL=ALTC*DELL

[F{XS5-X1.LTLALTL) X5=X1+ALTL

URAT=EXP(~.08712~ UII(HQ)—.24723*( 3255+U12(H&)))
DCP=U1%Ul% (I -URAT*%2} ~

DRAT=EXP(-2,24374- ~FCAP({H4)+.,24723%(2,0214+DELTII H4) 1)
DELS5=DRAT*DELS

NDC 7 M=NZ,MX

IFIXS=XIM}) "16416,7

M5=M

GO 7€ 8 ST T T

CONTINUE

FACT=TXS=XTMS=1 ¥ Y7 XIS I =XIM5=1¥) — ~ ~°°
FACTl=1.-FACT

XC5=XCIM5-1Y¥FACTI+#XCIMST¥FATTY -

U5=UF (M5- 1.1)*FA(T1+UE(M5,1)*FACT

WRITEIMNOUT,25) — 77—
WRTTE(MOUT,,30) X1,Ul,H1,DELL
WRITETMOUY, 30T X&,01,H% ,DELE
NRITE(M?UTv30) X51U5’H5 DELS

RETURN ' o o

FND

BUR32
3URK
AUAR
RUR3
BUB3
RUR3
8UB3
BUR3
RUB3
RUR3
AUBA
BUR3
3UR"3
3UR3
BUBA
BURA
3UR3
BU33
BUB3
BUR3
BuUa3
RUR3I
3UB3
puB3
BUR3
BUB3
GRULE]
BUBR
3uss
BuUBA
BUB3
RUBS
3uUR3
BURR
BURR
RUB3
8UB3
Bus’
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SURRNUTINE YSET(RyA,NY,Y)
DIMENSION Y(100)
RP1=1.+R

DO 10 N=3,NY e Lo
Y(N)=RPL&Y{N-1)-R*Y(N-2)
RE TURN

END

YSET
YSET
YSET
YSET
YSET
YSET
YSET
YSET
YSET

VO ~NONH W~
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10

I
A

2

15

20

S5

SURROUTINE H&X& (INDT ¢X1 4DELL,THET 1,X5,REB,UL¢X3,H3y XbyH&)
CURLF(H)=26.T703/H+305.03%ALOGIH)-2111,3%H¢3327, 8%H¥H-2403,9%4%% 3

H4 X4
H4 X4

FOELTIX) =EXP(2.5773-434252#X~ 43 TO#X4X~,0765 11L& X%%£3=,003570 T* Xt %4) H4 X4
FAICHIX)=EXP(=3.74814.038772¢X+.4196T*X#X+,071046%X %3+ ,J032162% X¥H4&X4

1%4)

H4 X4

FCRMAT{//20X,54HA SOLUTICN FOR X4 COULD NOT RE JBTAINED IN 1000 TRH4X4

1TALS)
MOUT =6

F INDT IS NINZERO, THE BNUNDARY LAYER [S TURRULENT
T SEPARATION.

IFLINDTY 2,5,2°
H3=THETL /DELL
X3=x1
DEL3=DEL1
X3=X1+5.F4/{ULl *REB)
ARG=ALOGTTX3= Xl)/(REB#DELl*DELl))
H3=THET1 *FATCH(ARG) /DELLl
DEL3I=.S8*FDELT{ ARG) *DEL1
IF {X3-X5) 20,15,15

T OH&E=U%29 T
X4=X5
60 10 50 T
CCNTINUE
160=0
DIST=X5-X1

T UNDE ﬁ’o.
H4=H3+H3
COEFI=DEL3*H3
COEF2=10.5%DEL3#*H3 ]
SUB=X3-COEFI*CURLF(H3)Y T
NVER=H4

_41

Q2 T TFUABSTXG-ALTERY/DIST-,001Y 50,50,43 T

43

THG&=.5% (M 4+ UNDER)
X4=CURLF {(H4 ) *COEF1+SUB
ALTERSXS-COEFZ¥ (1 .- (HA7 .4 29 Y *#2)/H4
1G0=1G0+1
TF(X4-ALTERY 41,500,422 T
IF(1G0-1000) 95,61,61

UNDER H4
=.5%¢{OVER+HA)
x4=CURLF(H4)*COFFl+SUB
’*AtTER_X5"tUEFZ‘TT__TFKT_Tqu‘72T7H‘_““” T
1G0=1G0+1

T TFIX&-ALTER)Y 52,50,51

51
52
61

IF(IGO~1000) 43,61,61
IFUABSTX&=ALTERI/DIST=,001IT 50,50,95 )
Hé=, 429

T X% =X5 ‘ T
WRITE (MIUT,10)

50

CONTINUE
RETURN

END Tme

M4 X%
Ha4X4
Ha4 X4
H& X4
Hé X4
H4X4
H4XS
HaX4
Hé4 X4
H4 X4
Hé& X4
H4Xé4
Hé4 X4
H4 X4
HéX4
Hé X4
H& X4
H& X4
H4X4
H4X4
H&X4
H&4X4
H4 X4
H4X4
H4X4
H4X4
H4 X4
H4X4
Hée X4
H4 X%
H4X4
HéX4
HéX4
H&X4
Hée X4
H4Xé
H4X4
H4 X4
H4X4
H4 X4

" HeX4

H4 X4
H4 X4
HaX4
H4X4
H4X4
H4 X4
H4 X4
H4 X6

WV XETNIPWM PN~
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SURRCUTINE SETSX(NSP1,XSEP,XATY,XSIGs ANGLE)
DIMENSTON XSIG(100)
A=,5¢(XSEP+XATT)
3=, S* (XATT=XSEP)
ARG=0.

DO 5 N=1,NSP1 =
XSIG (N} =A-B*CNS [ARG)
ARG=ARG*+ ANGLE

RE TURN
ENO
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FUNCTICN ARCTIX)

PI=3.14159

IF(AES(X)-l,E;eb 19242

ARCT=.5%Pl

GO TN 6

IF{X+.99999) 3,444

ARCT=P]
GO T 6

ARC T=ATAN{SQRT{1.-X*X}7X)

IF(ARCT) 546,46

ARC T=ARCT+PT
CCNTINUE
RETURN

END

ARCY
ARCY
ARCT
ARCT
ARCT
ARCY
ARCT
ARCT
ARCT
ARCT
ARCT
ARCT
ARCT
ARCT

e st o
SWNOOOWNTV S WN -
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FUNCTION 3AMI{ACAP,DXI,PI) GAMI

NIMENSTON ACAP(30,3) GAML
GAML=PI# (=1, 5*ACAPI1 1)~ 7S*ACAPI 2, 1142, ACAPIL,2) +ACAP { 2, 2)= . 5% ACGAM]
1AP{1,3)-.25%ACAP12,30)/0XI_ _ GAML
RETURN _ GAML
Eno , GAMI

100
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FUNCTION FBUXL ,X24X3,4Y) FR

Dl=1./1X2-X1) FH
D2=1./(X3-X2) en
TL=ABS(Y-X1) o FR
T2=ABS({Y-X2) T o o Fn
T3=ABSIY-X3) v Fo
EPS=1.E~6 FR
IF(TL-EPS) 2,3,3 FB
2 F1=0. FB
F2=A106(T2) o _ FB 10
CF3SALOG(TIY FR 11
G0 TO 10 FR 12
3 Fl=ALOGI(TL) ~7T B 13
IF(T2-EPS) 15,5 o fh e
4  F2=0. T B 15
F3=AL0G(T3) ] FB 16
TG TO 10 T FB 17
s F2=ALOG(T2) : FR 18
IF(T3-EPS) 6,757 F8 19
6  F3=0. o FB 20
Gatoio " T ' FBa . 21
7 F3=ALOG(T3) FB 22
10 FB=TTV-XIT*FI*¥DI+ DI N2 T *¥(X2-VI¥F 2+ [V -X31%F3%D2)/3.14159 FB oo
RE TURN F8 24
END e F8 2C

101
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SUBROUTINE EGAMI (NU ¢NGy Ay ByXS EPy XATTy GAMMA,Y ,GI } EGAMI

DIMENSION A{30,3) FGAMI
SINT=SQRT(1.-Y*Y) EGAMI
THETA=ARCTIY) = . o EGAMI
SUM=0. A T ' EGAMI
CCUNT=1, EGAM]
NnO 6 N=2,NG EGAMI
CCUNT=COUNT+1., EGAMI
SUM=SUMEA(N+1 ¢NU) & (STIN{{COUNT+1 . ) #THETA)/{COUNT +1.)=SINI{COUNT-1.)EGAMI

1*#THETA) /(COUNT-1.}) B ] EGAMI
GI=(3,14159—THETA+STNTI®(A(LoNU) +45%A(2,NU}Y)+,5%SUM= 25 SGAMMA®( 1. +EGAMT

1Y)®SINT®*SINT EGAMI
IF(Y-XATT) 8,8,7 EGAMI
DIFF=l,~XATT , EGAMI
IFIDIFF-1.E-6) 8,48,9 , EGAMI
GI=GI+2. *BANIFF#*(~1.,5) #SQRT{ (XATT=XSEPI*(1.~Y)®(Y~XATT)) EGAMI

CONTINUE ' . EGAMI
RETURN EGAMI
END EGAMI

DD~ U W
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SURROUTINE ESIGI (NUyKXyXSsRyY ST

DIMENSTON XST109),R(1¢0,3)

SUM=0.

DC 10 I=2,NX

SUM=SUMEB (T yNUI *GR{IXS (T =1 ) 4 XSLI )y XS{T+1),Y )
SI=R (1 4NU) HRINTIXS{L) 4XS{NX+1),Y)eSUmM
RETURN

END

£SI51
ESIGI
FSIZI
ESIGI
ESIST
ESIZY
ESIGI
FSI151

M~ NS W -
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FUNC TICN GRIXL9X2 ¢X39X)
GB=ABINT(XL yX2 9 X)~ABINT (X3 ,X24X)
GB=GR/3.14159
RETURN
END

-104_

G8

GR
GA8
G8
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FUNCTICN ABINT{A,A,X) - ABINT 1
ARGA=ARS {X-A) T : ABINT 2
ARGR=ARS {X-B) ARINT 3
CRES=2.%(B-A) _ ' ABINT &
AP1=A+1, ABINT 5
RPl=Rel. ) ABINT &
IF (ARGA=-1.E=6) 2,43,3 ARINTY 7
CA=0. ARINT 8
GO 10 5 ABINT 3
CA=ALOG(ARGAY _ ABINT 1O
IF(ARGR-1.F-6) 45,5 ABINT 11
CR=0. ARINT 12
GO TC 6 ) ARINT 13
CR=ALOG{ARGR) ABINT 14
ARINT={CA~,5)*ARGA*#2-( CB=,5) *ARGA*%2—( ALOG(AP1 )- .5 )%AP 1%%2 ¢ (ALOG{ABINT 15
18P1)1-.5) *APL %42~ COEF*({ X~BI*{CB~1.)+BPI*(ALDGIBPL)-1,)) ABINT 16
ABINT=ABINT/COEF  — ) ABINT 17
RE TURN ARINT 18
FND ' ABINT 19

105
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CEND

FUNCTION BINTUXS ¢XZ,4X)
RTS=SQRT {1 . +XS)
RTZ=SQRTI1.+X7)
RINT=—1.-X+RTS#RTZ
IF{XZ-X) 2,43,3
RTSX=SQRT{ X~XS)
RTZX=SQRT{ X~XZ)
BINT=RINT#+{XZ-XS)*ALCGI {RTSX+RT2ZX)/(RTS+RTZ ) I+RTSX*RTZX
GO TO 50

IF(X=XS) 59504 . __ . _. .

BINT=RINT+ (XZ-XS)*ALOG(SQRT(XZ~XS )/ (RTS+RT2))

GO TO 50

RTSX=SQRT( XS~X)

RTZX=SQRY{ XZ-X) _

BINT=RINT+ {XZ-XS)*ALCG({ (RTSX+RTZX)/{RTS+RTZ) )-RTSX*RTZX

CONTINUE

RETURN

BINT
BINT
BINT
BINT
BINT
BINTY
BINT
BINT
B INT
BINT
BINT
BINT
BINT
BINT
BINT
BINT
BINT
BINT
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SURRNUTINE SCALTSHL ¢NSRL,FRZ,ARR, RNBR)

PIMENSION SBL{300)
DELZ=FRZ*RDBA
EN=ARR/FRZ

NO S N=1,300
IFLEN-N) &4,4,5
NE=N

GO TO 6

CCNTINUE
NGaNSBL-NE

EN=F LOAT(NG)
NGML=NG~-1
SBL(1)=0.

DO 7 N=2,NE
SBLIN) =SAL {N-1) +CFL2
FRACT=2,2/DELL
FRAC1=FRACT-1,
R=FRACT**(1,/FLOAT(NGML))
SAVE =R (1./FLOAT |

R=R=(R#¥NG~FRACT#R+FRAC L)/ (ENSR*ENGML ~FRACY)

IF (ABSUSAVE-RI-1.E~6) 9,9,8
RP1=R+1.

N T0 N=NE,NSBL _ o
SBLIN#1)sRPL&SBL () =R#SBL (N-1)

"RETURN
END

SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCAL
SCaAL
SCAL

SCAL’

SCAL
SCAL

WVR~NINPH W~
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SURROUTINE TERPF(XI ¢JyTABL,TAB2,TAR3I, TAB4,XITAR,FP)
DIMENSIIN TARL(24),TAB2(24),TAB3(24),TAB4(24)4XITAR(24)
IF{XI-.0001) 242,10

GC TC (3544546)yd
FP=2e53-2.439%ALNGIXT)

6o o9y
FP=3e54-1,T25%AL0G{.TOTL#*XI)
GO TN 99
FP=64.,58-1.2195%ALNG(.5%X])
GC TC 99
FP=10.12
GO TC 99
DO 12 N=1,24
TFIXI-XITAB(N)) 1l,11,12
NX=N

G0 YN 13

CONTINUE
TX=(XI-XITAB{NX=11)/ (XITABINX)=X ITAB(NX~1))
TXl=1.-TX

GO TO (1491541641 7)0d

FP=TXL#TABL (NX-1)+T X*TABL (NX}

GO Y0 99

FP=TXI®TAB2 (NX-T1 1 #T X#TAB2 (NX)
GO TO 99 o
FP=TXI#TARI(NX-1)+TX#TAB3 (NX)
GO TO 99

FP=TXI*TAB4 (NX—1)+T X3TAB& (NX)
CONTINUE

~108_

“RETURN e

END

TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF
TERPF

ODNPONDWN =



304

303
3cs
403
404

551

SuML

END_

SURBROUTINE FVATUINNF 4 XX, SSCoSST,LCR,TTB,CCM,TTM)
DIMENSION SSC{50),551(50)
COST = 2,%2XX ~ 1.

COSTS = COST#%2
1F(CCSTS—1.E=A) 303,306,304
TANT = SQRT({1./COSTS - 1.)
THE = ATAN(TANT)
G0 TN 305

THE = 1.5708
IF(COST) 403,404,404
THE = 3.14159 - THE

ARG = 0. i
SuML = 0.
suMz = 0,

NO 551 N=1,NNF
ARG = ARG + THE
i SUML + SSCINMI*SINTARGY
SumM2 SUM2 & SSTIN) *SIN(ARG)
CCR = SUML*STN(THE)*CCM
T8 = (1. — COS{THE))SSUMETTM
RETURN —— T o

[ ]

EvAL
EvatL
EVAL
EVAL
FVAL
EVAL
EVAL
F VAL
EVAL
FVAL
EvaL
F VAL
EVAL
EVAL
EVAL
EVAL
EvaL
EVAL
EVAL
EVAL
EVAL
CVvAL
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SUBROUTINF STMP(NS,DX,IRC,FIND)

DIMENSION ORD{50)
INTFGRATION OF NS + 1 EQUALLY SPACED NROINATE VALUES
BY SIMPSON'S RULE, NS MUST BE EVEN

sumM = 0,

DC 88 1=24NSe2 = ,

SUM = SUM ¢ 2.%NRI(I=1) + 4.%ORD(1)

FIND = DX*(SUM - NRD(1) + ORD(NS+1))/3.

RE TURN

END

SImp
SIMP
STMp
SIMpP
ST Mp
SImp
Simp
SIMP
SImMp
S1Mp

-
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SURRQCUTINE SECT(X'JyYUsXL o YLyNOFF, NFy RCDRCy TMAX, CMAX, ST, SC)
PROGRAM TO COMPUTE COFFICIENTS TN AND CN OF THE FOURIER SERIES
REPRESENTATINN NF SERTIUN THICKNESS AND CAMBER DISTRIBUTIONS

SECT
SECT
SECT

DIMENSTINONM XUL30) oYU {300 4XLE30)sYLI30),YUCI30)yYLC(3G),ST(24),SC(24SECT

1) ,DUM(50)Y, TRAR(50Y ,CRAR{50)
12  FORMAT{//774TXy26HINPUT AND COMPJTED QFFSFYS/)

SECT
SECT

13 FORMAT{LOXy4HXL/C912X04HYU/CyLl1XeSHYUC/ Cy 20Xy 4HX 1/Cy 12X 4 4HYL /Cy LLXSECT

1y SHYLC /6 /)

14 FORMAT(3X,3F16.5,8X,3F16.5)
NA=6
RNA=6, o
ANF=FLNATINF)
MOUT =6
PI = 3,14159
DELT = PI/(2.%RNF)
NTC = 2%NF - 1
NINT = NTC & 3~
NSIMP = NTC + 1
RDAC =, 5%RCDORE
VARY = 0,
C8 = o.
™ = 0,
THETA = 0, T
NO 89 K=1,NTC
THFTA = THETA & CFLT — 77
X1 = .5%(1. + COS{THETA))
nO 90 LAM=2,NOFF
TF{X1-XU(LAM)) 110,90,90

SECT
SFCT
SECT
SFCT
SECT
SFCT
SECT
SECT
SECT
SECT
SECTY
SECT
SECT
SECT
SECT
SECT
SECT
SECT
SECT
SECT
SECT

11¢ YUINT = YUTCAF=TT & IXT = XUOTUAM-TTI®TYU(LAM) - YU(LAM-1))/{XU{LAMSECT

1) - XulLaM-1}) SECT

GG fc 11y~ T SECT

SC CONTINUE SECTY
111 NG 80 LAM=Z ,NOFF T SECT
[F{X1-XL(LAM)) 210,80,R0 SECT

210 YUINT = YUTUAM-1T # (XT - XUTCAMSTIO®{YITLAM) = YU(LAM- 1))/ (XL{LAMSECT
1) - XL{LAM-1)) SECT

GC TO 112 T SECT

80 CONTINUE SECT
112 TRARTK+1Y = 5«{YUINT = YLUINT) SECTY
8S CRAR(K+1) = .S*(YUINT & YLINT) SECT
© TTTMAX = 0. T T T SECT
CMAX = O, SECT

NG 79 K = 2,NSTHP SECT
IF(TBAR{K)-TMAX) 801,802,802 SECT

€C2 TMAX = TBARTKY T T SECT
8C1 IF(TRAR(K)-CMAX) 79,702,702 SECY
© 702 TNAX = CBARTK] o T SECTY
716 CCNTINUE , SECY
TF{UMAX=1.E-5Y 1201,1232Z,1202 —~ =~ SECT

1201 CmAX=1, SECT
1202 CONTIRNUE T SECT
TF{TMAX~LeE~-5) 1140,1141,1141 SECT
140 TMAX=T, T T SECT
1141 DO 69 K=2,NSIMP » SECT
TBARTKY = TRARTKI7T™AX— ~—— ~° SECT

O D~y VS wiv -

111




66 CBAR(K) = fRAR(K)/CMAX SECT 56
TBAR(l) = O. SECT 57
CRAR({1) = O. SECT 58
TSAR(NINT) =0, SECT S9
CBAR(NINT) = 0. SECT 60
TYA = TRAR(NA) SECT 1
TTB = TBAR(NA+1) SFCY 62
TTC = TRAR(NA+2) SECT 63
TAA = DELT*{RNA-1,} SECT 64
TRR = TAA ¢ DELY SFCT 65
YCC = TAR ¢ DNELT JECT 66
XA = .5*COS{TAA) SECT 67
X8 = .5%¥COS{TRR) SECT 68
XC = .5%COS(TCC) ) SECT 69
SLOPE = ((TYC~TTR)I*(XB-XA)/(XC-XB) # (TTB-TTA)*({XC~XRB)/(XB-~XA))/{XSECT 70

1C-XA) e SECT 71
THETA = O, SECT 72
CosB = COS(TBARY SECT T3
DO 456 [=2,NA SECT 74
THETA = THETA + DELTY - ' SECT 75
COST = COS{THETA) SECT 76

456 TBAR(l) = (SQRT{1.-COST)/({1.~COSR)**]1,5)%ITTB*(1,4COST-2,%CIS8)/(LSECT 77

1.-COSB) + ,S*SLOPE*(CAST-COSB)) SECT 78
NLE = 2%NF + 1 - NA o SECT 79
COSR1 = L. + COS(PI-RNA®*DELT) SECT 80

- THETA = pI e SECT 81
SINAS=SIN(RNA®DELT) *%2 SECT 82
COSAS=CNS{RNA®DELT) - _ SECT 83
"ANG=0. SECT 84
DO 457 I=2,NA SECT 85
IND = 2¢NF + 2 - 1 SECT 86

_THETA = THETA - DELTY S SECT 87
COST1 = 1. # COS(THETA) SECT 88
ANG=ANG+DELT o __ SECT 89
COEF={SINAS-SINCANGY) *%2) /({COSR1*{COS{ ANG)+C0OSAS)) SECT 90

457 TBAR(IND) = (SQRT(RDBC*COSTI)‘COEFITMAX#TBAR(NLE)‘(COSTllCDSRl)**lSECT 91

1.5)7(2.-COST1) SECT 92
THETA = TAA B SECTY 93

TNAPL = NA + 1 T SECT 94
DO 458 1 = NAPI.NLE e SELT 95
THETA = THETA ¢ DELT. SECT 96

456 TBAR(I) = TBAR(I}/{1.-COS{THETA)) SECT 97
THETA = 0, SECT 98
DO 459 (=2 ,NSIMP o ) SECT 99
THETA = THETA + DELT SECT 100

459 CBAR(I) = CBAR(I)/SIN(THETA) ___ __SECT 101

N RKK = 0. - SECT 102
DO 59 K=l,NF SECT 103

RKK = RKK + 1., SECT 104

THEYA = 0, - SECT 105

T 7DD TIT U=l ,NINT T ‘SECT 106
DUM(I) = TBARITI)*SIN(THETA®RKK) SECT 107
TTTVIT YREYA = THETA + DELY TTTUSECY 108
CALL SIMPINSIMP,DFELTDUMyVARY} SECT 109

SYIKY = T SECT 110

112




Ees

59

S6S

€£6S

669

THETA = O-

DO RBR [=1,NINT

DUMIT) = CRAR(I)*SIN(THET A®RKK)

THETA = THFTA ¢ CFLY

CALL SIMP{NSIMP,NELT,DUM,VARY)

SCAK) = 2,%VARY/PI

DN 969 1=} ,NOFF

X = xutty

CALL FVALINF yXySC,SToCR,TB,CMAX ,THAX )
YUCIT) = CB + T8
N0 869 1=1,NOFF
X = xL{(1) o
CALL EVALINF,X,SCoST,CRyTB,CMAX, TMAX)
YLC(I) = CB - T8

SUML = 0.
CCUNT = 0,

D0 659 T=1,NF
COUNT = COUNT « 1.

SUML = SUML < 'ST(T)*COUNT&(~—1,) *x]|
RCDBC = B.*{TMAX®SUM])*%2
RCIRC=2.*RCNAC T
TMAX=2, ® TMAX

CMAX=Z ¥CMAX e

WRTTE (MOUT ,12)
WRITE{MAGT 13—

WRITE(MOUT,14) (XULL),YULT),YUCI D) XL CT)

RE TURN®
END

sYLED) W YLEU )y I =1y NIFF)

SECT
SECT
SFCTY
SECT
SECT
SeCT
SECT
SEZY
SECT
SFCY
SECT
SECT
SFCY
SECT
SECT
SECT
SECTY
SECT
SECT
SECT
SECT
SECT
SFCT
SECT
SECT
SECT
SECT
SECT

i1
112
112
114
115
116
117
113
Q8¢
120
121
122
123
124
125
126

128
129
130
131
13°
33
134
155
136
137
138
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SUBROUTINE CORDX{NSBLyNZ yRDBB,SRLyXyXC) CORIX 1
o o , CORIX 2
C BOUNDARY LAYER CNORNDINATES AND CORRESPONDING CHORDAL CORDX 3
C COORDINATES ARE COMPUTED HERE. CORIX 4
C , CORIX 5

DIMENSION SBL{397),X(300),XC(320) CORDX 6

336 FORMAT{//10X,31HITERATIIN TO COMPUTE XC FOR M =15,32H DID NOT CONVCORDX 7

1ERGE IN 1000 STEPS.) CORIX 8

337 FORMAT(LHL 425X 1HM 420X 1HS 325Xy LHX 9 24X ¢ 2HXC/ /) CORDX 9

338 FORMAT(22X,15+3E25.5) o CORIX 10

MOUT =6 CORIX 11

MX = NSBL + NZ -1 CORDX 12

RZERQ = RORB/2, CORIX 13

XCINZ) = -1. CORDX 14

DO 255 =1 NZ CORIX 15

MM = NI+ 1 - M o CORIX 16

255 'x(M) = SBL(NZ) - SRL{MM) CORIX 17

N0 256 M=NZ MX CORDIX 18

MM = M+ 1 = NZ CORDX 19

256 X{M) = SBALINZ) + SAL(MM) CORDX 20

DO 257 M=1 ,MX CORIX 21

IF(NZ-M) 333,257,335 o o CORIX 22

"33 K =M+ 1 - NZ . CORDX 23

GO TC 334 ' CORIX 24

335 K = NZ - M+ 1 T CORDX 25

334 XC(M) = -l. + SBL{(K} CORIX 26

© TF{SBLIKY-RZERD) 341,341,342 CORDX 27

341 XC(M) = -1, + SBLIK)**2/ (4 .$RZER0D) - CORIX 28

342 CONTINUE T CORIX 29

D0 258 L=1,1000 CNRIX 30

SAVE = XC{M) CORD X 31

CALC1 = SQRT({1.+XC(M))/RZERO) CORDX 32

TCALCZ = SQRT(1.+(1,.+XC{M))/RZERD) CORJX 33
XCI{M)=XC (M)+CALCL*(SBL{K) - RZIFRO*[CALCL*CALC2+ALOG(CALC1+CALC2))ICORDX 34

1) /CALC2 v CORDX 35

IF(ABS{SAVE-XC(M))-1.E-6) 257,257,258 CORDX 36

258 CONTINUE oy CORIX 37

WRITE (MIUT 4336) M CORDX 38

287 CONTINUE _ T CORDX 39
WRITE(MOUT 4337) o _CORDX 40

NO 264 ¥=1 ,MX CORDX 41

IF(NZ-M) 2614261262 CORDX 42

262 K=NZ-M+1 CORIX 43

GO TO 263 - CORD X 44

261 K=M¢1-NI T T o CORIX 45

263 WRITE(MOUT,338) M,SBL(K) X {M),XC(M) CORDX 46
T Z2¢& T TONTINUE - TTCORIX 4T

RETURN CORIX 48

END T ZORIX 49
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SURRMUTINE PGRAN{M, X4UE ¢ DXI4PRFSS,SAy SR;SCySRySS)

SUBROUTINE FOR CALCHLATICN OF PRESSURE GRADIENT AND
DERIVATIVE COEFFICIENTS. _

NDIMENSION X(300) ,UE(300,3)
D1Z=X{M&1) =X (M) -
D22=X{M+2) =X (M)
D21=X(M+2)=X(M¢1)
DIML=X{¥+1)-X[M=-1)
DIML=XTMV =X (M~1)
XIM=01Z/(D22%D21)
ETAM=1./D12-1.7D21
ZETAM=D21/(D12%022)

PGRAM
PGRAD
PGRAD
PGRAD
PGRADN
PGRAD)
PGRAD
PGRAD
PGRAD
PGRAD 10
PGRAD 11
PGRAD 12
PGRAD 13
PGRAN 14

O DN P W

PRESS = (3o%UF (M1, 1) =4 %UE( M+, 2)+UE(M+1,3)1/({ 2.%DXT}+UE(M+1,1)%{PGRADN 15

LXIM®UE (M#2 4 1) +ETAMSUE(M#1,1) -ZET AMSUE(M, 1) )
SA=1,7012%1.701M1 T
SB=D1M1/(D1Z*DZM1)
SC=01Z/(DLML#OZML)
SR=N1M1/NZM1
SS=011/D 7M1
RE TURN
AL e

PGRAD 16
PGRAD 17
PGRAD 18
PGRAD 19
PGRAD 20
PGRAD 21
PGRAD 27
PGRAD 23
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SURROUTINE TRANS (UPRIMy PRESSy THET AyREB,UC,NYy FLAM, XFLAM ,LAMQ)

SUBROUTINE TO resf’FhR'TRANStTION IN AL AMINAR ‘BOUNDARY LAYER.

DIMFNSION UC(100,3) ,FLAM(L10),XFLAM(10)

FIX) = .11746 - 1.0582E=3%X - 1,1023E-4%X*X

TKAY = PRESSH#REP#THFTA®%2/UCINY,2)

IF(TKAY-,07T) 2,2,99 -
2 IF(ARS(TKAY)-,0101) 3,3,4
3 ARG = TKAY®72.48

60 T0'5
4 ARG = 0.

DO 6 N=1,1000

SAVE = ARG

ARG = ARG - (ARG*F({ARG)*#2-TKAY)/(F(ARG)*{.11746-ARG*3,1746F-3 ~ A

LRG*ARG*5.5115E-4)) o
TTTF(ABS{1.-SAVE/ARG) -1.E-6) 7,756
CONTINUE
IF{ARG+1ll.) B8,8,5
EF = 1,75
GO TN 10
5 NO 15 N=1,10

® -~

TF(ARG-XFLAM{N)) 24,424,415
24 NBAR = N

GO TO 16

15 CONTINUE

100 B = S5%EF

TRANS
TRANS
TRAN S
TRANS
TRANS
TRANS
TRANS
TRANS

© TRANS

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

16 EF = FLAM(NBAR-L)+(ARG-XFLAM{NRAR~-1)) *{ FL AM{NBAR)-FLAM{ NBAR-1))/{XTRANS

1FLAM(NBAR) ~XFLAM{NRAR~-L}Y

A = 3.36%[UPRIM/UCINY,2))%%2
RTH = FUARG)*(SQRT (R*B+9860.%A)-B)/A
IF(REB*THETA-RTH) 99,50,50

50 LAMQ =0

96 CONTINUE

RETURN
END_
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SUBROUTINE CAPSTITER YN, CAPG,CAPH, CAPJ,CAPKySRySSySDySE, SFyVISC,V,UCAPS

1C) CAPS

DIMENSINM CAPG(100) ¢ CAPHI{100) ,CAPJI100)+CAPK(100) CAPS

DIMENSION VISC{103,2)+V(10042),UC{100,3),SD(1001,SE(LN0),SF(LOD) CAPS

IF(ITERY 442,64 T ' CAPS

2 CAPG(N)= SR#V(N,1) — SS*V(N,2) CAPS

CAPH{N) =SR*¥VIST(N,L)-SS*VISCIN, 2} CAPS

CAPJIN) =SRE(SD{N)*VISCIN+L,L)+SEIN)*V ISCIN, L )=SFINI*VISCIN-1,1))-SCAPS

L1S*(SDINY R VISEIN®L, 2V ¢SEINT®WISCINy2)-SFIN)®VISCIN-1,2)) CAPS

CAPK{N)= SR*UC(N,2) -SS*UC(N,3) o CAPS

60 To 6 o o CAPS

4 CAPGIN)=.5%(CAPG{N) #VIN, 1)) CAPS

CAPHIN) =, S ®[CAPHINI +VISCIN, 1)) CAPS

‘ CAPJINI= 5% (CAPJI{N)+SDIN)#VISCIN+1, L) +SEINIRVISC(N,L)}=-SF{N)®VISCINCAPS
' 1-1,03Y — 7T h ' CAPS
CAPKIN)=.5%(CAPK{N)+UCI(N,1)) CAPS

6 T TONTINUE T o CAPS

RE TURN N CAPS

END | e CAps

VD~NOCOWN S NV
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SUBRCUTINE TERPUYIN,YBASE,VARY,NY ,VALUE)

SUBROUTINF FOR DETERUMINING INTERPOLATED VALUE OF THE
FUNCTION VARY AT ¥ = YIN.

118

DIMENSION YBASE(100) ,VARY(100)
TF(YIN-YBASE (NY=-1}) 2,3,3
VALUE = VARY(NY)

GO TO 10

DO 1S N=LoNY
IF(YIN-YBASE(N)) 24,24,15

NRAR 2N

GO TO 16

CONTINUE o

D21 =YBASE UNBAR) - YBASE(NBAR-1)
D31=YBASE{NBAR¢1)-YBASF {NRAR-1)
D32=D31-D21
N3A=YBASE(NBAR+L)=-YIN
D2A=YBASE(NBAR)=YIN
DAl=YIN-YBASE (NIAR-1)

TERP
YERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP
TERP

VALUEZD3 A®D2A*VARY{NBAR-1)1/(D21%D31)+D3A%DAL*VARY(NBAR) /{D21%D32)-TERP

1D2A®DAL *VARY(NBAR+1)/(N31%D32)

CONTINUE
RE TURN
END

TERP
TERP
TERP
TERP

DO~N>UH WN -
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SUBROUTINE YDUFF (NY,ALPHA,RET A, GAMMA, DELTA,SDySEySFeC2¢ G345 44 Y)
DIMENSITIN ALPHA(100) ¢ ETA(100),GAMMALL100),NELTAL100)

DTMENSINN SD0(100),SF(L00),SF{100),Y(100)

NV=NY-2
NVPL=NV+1

DC 40 N=2,NV

ALPHAINY = 2 ¥(2.%YINI-YIN=-L)=YIN#L))/{{Y(N+2)=YIN-L1)IR{Y(N#2}-Y(NYDIFF

L+411)*(Y(Ne2)-Y(N))}

DELTAIN) = 2, % (Y(N#2)+Y (N#1) =2, %Y IN)) /LY IN42)-Y(N-1)I*(Y{N+1)-Y(NYDIFF

1=11)*(YINY~-YIN-1}})

YDIFF
YDIFF
YDIFF
YDIFF
YO1=F
YDIFF

YDIFF

L@ NC NS WN—

YDIFF 10

RETATNY = (DELTATN) #{YIN)=YIN=1) ) #33-ALPHAIN)*{ Y(N+2)-Y{N))I*&3)/{YYDIFF 11

LINFL)-Y(N) ) %%3

GAMMA (N) ‘= —ALPHA(N)Y-BETA(N)~-DELT A{N)

CONTINUE

DO 39 N=2,NVPL

SDIN) = (YANI=Y(N=1)})/C(YINeL)I=YIN-1)) % (Y{N+LI=-YIN)))
SENT = 1. 7TIYINY-Y{N=L1I I=1/7CY(N+T)-Y{N})

SFIN) = (Y(NeL)=YIN)}/ULYINI=YIN=L))*(VIN+1)-Y(N=-1)))
CCNTINUE — & 77

YI3)*Y(4) /(Y (2)*(Y(3)=Y{2))*(Y({4)-Y(2)))

= Y2V eV @Y7 VI3 *( Y 4)-Y (3) ) *{Y(3)-Y{2)))
YI{2)%Y(3)/(Y(4)*(Y(4)-Y{II®(Y(4)-Y{2)))

]
(Y]
[}

YDI-F 12
YDIFF 13
YOIFF 14
YDIFF 15
YDI=F 16
YDIFF 17
YDIFF 18
YDIFF 19
YDIFF 20
YDIFF 21
YDIFF 22
YDIFF -3
YDIFF 24
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SUBROUTINE FLDER(BCAP,XSIG4NS IG,U INF, ELD,Y,YMAX )
NIMENSION RCAP({100,3),XSIG(120)

BCAP (MSIG+1,1)=0.
XS=XSIG(1)
XZ=XSI5{NSIG+1)
TF(XZ-1.) 16,16,1
DEADL=XZ-XS
YMAX=1,E~10
SUM=,5% {XST1G(2)~-XS) *RCAP(2,1])
NO 10 N=2,NSIG
X=XSIG (N+1)

SUM=SUM# .5 % (X-XSIG(N) )% (RCAP(N+1, 1) #BCAP{N, 1))
IF(N-NSIG) 4,2,4

ANGLE=1.5708

GO T0 6

ANGLE=ATAN(SQRT {{X-XS)/ (XZ~X)))

Y=SUMsBCAP (1,1 ) *(NEADLEANGLE-SQRT{IX-XS)I*#{XZ-X)))
IFIY-YMAX) 10,410,8

YMAX=Y

C CNTINUE _

ELD=Y/YMAX
"IF(ABS(ELD)=UINF) 20420,12

IF(ELDY 1%+16,16
ELD=-UINF

Ga ¢ 20
ELD=UINF
CONTINUE

RE TURN

END T oo

ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDZR
ELDER
ELDER
ELNDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELDER
ELD:ZR
ELDER

_ELDER

ELDER
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SURROUTINE REATT (G gV X oY yMX g NY g RY \DRY JUE4X54DELS,MST,RFR) REATT

DIMENSTON UCTL100,3) ,V{(100,2),Y{130) REATY
DIMENSION X(300) ,'1E(307,31 REATT
DIMENSINN TARL(24) 4 TAR2(24),TAB3(24),TAB4L24),X ITAB(24) REATT

DATA TASL /24.98,23.29921.04,19.33,17.61,15.29,13.46411.54, 11.36,9REATT
103818.35¢7.3256.2795.319%4%93.5792.22,142600664 431y 4l%y (0L, )0s0./ REATT
DATA TAB2 /20.05418.85,17.254156.04114,8413.12,11.77410.3,9435,8,65REATT
1907095,7021604395056140994018,2.8991.8641011y+624432,004900904/  REATT
DATA TAB3 /16.654,15.8414.67913.8412.91,11.66517.6505.48,8,71,8.11,REATT
17.5947.019644115.77,5.1344.59343142.28,144879y 4514 4C9 201y )/ REATT
NATA TAR4 /10.12110.0599.9399.78,9.5849.17¢8.72,8.08+7+647.296.85,REATT
16.539601815.7915.3644.9193.98,3.05120217145¢2954 4229403404/ REATT

DATA XITAB /.7001540002 4100005440011 e002y 0005942319029 e03740%y.05,.REATT
B 1060007’008'.09'0l"12701«|.16'018902' .25'-31.35/ REATT
FORMAT(///40%X423HAT REATTACHMENT, RETA =£13.5) PEATT
MOUT =6 REATT
RTR=SGRT(RERY ~ =~ 77— = REATT
UC(1,2)=0. REATT
uc(1,3)=0. REATT
V(l,1)=0. RFATTY
vil,2)=0,. REATT
Ne 5 M=)  MX REATTY
[FIXS=XTMYY &,%,5 =~ 7~ REATTY
MST=M+2 REATT
Go toe6 T REATT
CONTINUE REATT
XA=X{MST-2) 7 REATT
XB=X{MST-1) REATT
0A=UETMST-2,1) T ’ REATT
UR=UE (MST-1,1) REATT
ZA=ALOGIUA®*DELS*RER) REATT
PGRAD=2.*{ UA-UBY/ {(UA+UB)}*({XB-XA)) REATT
BETYM2={.0974-SQRYT{DELS*PGRAD) 1/ (.0249+.004565%7 A) REATT
IF(RFTM2~-1.) 8,7,7 RFATT
BETMZ2=1. T T REATT
GO TO 10 REATT
IFIRETMZ-73) 9,59,10 ’ . REATT
BETM2=,3 REATT
BETA=],7TBET¥Z*BET™Z) REATT
WRITE(MOUT,3) BETA REATT
CTAGAM=,097%4%¥BETMZ2-,0249/BEYA — T T o . REATT
BGAM=,004565/BETA REATT
AH=1 = 1{5.3+3.9¥BETHZ ¥, 0974-.0249%BETM2) - REATT
BH=RETM2%{5,3+3 ,9%BETM2) *,004565 REATT
GAMA=AGAM-BGAMXZA™ ~— ~~ 7 REATT
DERIV=UA*RERREXP (=2 A)SGAMARXGAMAR|{ L +BETAx( 1 ,+AH+RH*ZA) ) /{AH+BH+BHEREATT
TZR) o T e REATT
IR=ZA+DERI V¥ {XB-XA} REATTY
DELR=EXPUZB)/TUR*RER) " REATT
GAMR=AGAM~-BGAM%ZR REATT
DELL=.35*DELUP*RTR¥RETM2/ GAMB REATT
IF(DELL-Y{NY-3)) 14,12,12 REATT
RY=RY+DRY Tt T T ’ REATT
CALL YSET(RY,Y{2),NY,Y) REATT
GO TOIT Tttt o REATT
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14 IF(BETA~4,) 102,101,101 x REATT 56

101 TERPB=1.-4./BETA REATT 57
INDE X=3 REATT 58
Gn Yycenlto REATT 59
1C2 IF(RETA-2.) 104,133,103 v REATT &0
L¢3 TYERPB=,5%*BETA-1. , REATT 61
IND X=2 REATT 62
GO TO 110 REATT 63
104 TFRPR=BETA-1. REATT 64
INDEX=l ] v REATT 65
110 K=0 REATT 66
TFRP1=1,~TERPB ) REATT 67
50 K=K+l REATTY 68
GO TO (16417999) 4K REATT 69
16 G=GAMA REATT 70
 DELTA=DELS o , REATT 71
"UEDGE=UA ’ REATT 72
L=3 e REATT 73
GO0 TO 18 REATT 74
17 G=GAMB . - REATT 75
NELTA=DELR REATT To
UEDGE=UR L REATT 77
=2 REATT 78
18 XICO=G/(DELTA*RTR*BETM2) REATT 79
" UCOW=RTR* (UEDGE*G) * %2 o ' ' REATT 80
_ EFCD=G/BETM2 o , REATT 81
NLAM=NY REATT 82
DO 75 N=2,NY o  REATT 83
TTTXT=Y (NT #XT CO Tt T REATT 84
 IF{XI-,35) 20419,19 o REATT 85
19  UC(N,L)V=UEDGE REATT 86
GO 10 15 S REATT 87
20 " CALL TERPFIXI,INDEX,TABL ,TAB2,TAB3,TAB4,XITAB,FP1) REATT 88
INDP1=INDE X+1 o o  ____REATT 89
CALL TERPF(XT,INDPL,TARL ,TAB2,TAB3,TAB4,XITAB,FP2) REATT 90
FP=TERPL*F PL+TERP3*FP2 REATT 91
UCINLUY=UEOGE* (1. —EFCO*FPY R . REATT 92
{FIN-NLAM) 21,75,75 REATT 93
21  ALUTER=UCOW®Y(N) T ’ ) o i REATT 94
TF(ALTER-UC(N,L)) 33,33,32 o __ REATT 95
32 UC{NyL)=ALTER REATT 94
GQ TN 78 L - REATTY 97
33 NLAM=N T REATT 98
75 CONTINUE : REATT 99
T GO TO 50 T T e o - REATT100
99 DO 60 K=2,3 REATTLO1
SAVE2=0. T REATTLIO62
DO 60 N=3,NY REATTLO3
SAVET=UCIN-1,KY —— 7~ — 7~ ' o ) REATT104
UC(N-I.K)=(SAVE2+SAVE1+UC(NcKl)l3. REATT105
60  SAVE2=SAVE] Tt oo o T " REATT106
DUDX=0, REATTIO07
T D=5/ TXB-XAY "TTREATTIOS
DO 65 N=2,NY : REATTL109
T DUDXPSCODF (UL TN 21=UCIN, 37} TTTT T T T TREAYTILO

122.




65

VING1)=VIN~-1,IV=(Y(N)=Y (N-1) ) &£ DUDXP+DUDX)

VINs2)=V{N,1)
DUNX=DUD XP

RE TURN

END

REATTILL
REATTIL2
REATTLI13
REATT114
REATTILS
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SUBROUTINE ELPIT (ALPHL, ALPH2, EMI, TORF,THETZ UINF, DX I,CMPA,CMPAS) ELPIT 1
SAVE T=AL PHL CELPLT 2
STEP=TQRF*DX] ELPIT 3
SINS=SIN(STEP) | ELPIT 4
CGSS=COS{STEP) ) ELPIY 5
CONST=2, *EMI®{UINF/TORF ) ®%2 ELPIT &6
ALPHISTHETZ*(ALPHI—YHETZ)*COSS*ALPHZ*SINS/TDRF+C0NST*(Z."CMY’A—CMPAELPIT 7
L1SI*(1.-COSS)+COANST* (CMPAS—-CMPAY*{S INS -STEP*COSS )/{ TORF.NXI) ELPIT '8
ALPH2=ALPH2%CNSS=TNRFASINS*®{SAVET ~THETZ ) +CONST® (CMP A=CM PAS)#*(1.,~-COELPIT 9
1SS) /DXT+CONSTSCMPAXTCRE#SINS ELPIT 10
RE TURN ELPIT 11
END o ELPIT 12




SURRCUTINE VAWASH(BARG sH S ¢ NVNRy X L4UINF,VZ IP, XGAM,NGPL,DX1)
DIMENSINN VZIP(30)4XG M(3))
DN 10 N=1,NGPL
DIFF=XGAM{N) ~X1

SLM=0, o

NC 5 K=1,NVOR
SUM=SUMEDIFF/(DIFFENTIFF+H)
DIFF=NIFF-$ ‘
VZIP{N)=VZIPIN)+S JM*BARG

RE TURN

END

" VWASH

VWASH
VWASH
VWASH
VWASH
VWASH

VWASH
VWASH
VWASH
VWASH 10
VWASH 11

QBN EH LN -
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SURRNUTINE WASH(XGAM,NGAM, TIME, AL PH1, ALPH2, HEAV E¢yAROT,FREQF ¢ PHIH  UWASH

126

LINF,CAMRR, NF,VZIP,MOTR, INDV) WA S4
DIMENSION XGAM(30),VZIP(30),CAMRR{ 24) WA SH
NGPL = NGAM+1 e WASH
ANGLE = FREQF*TIMF WA SH
GO TO (108,120), INDV _ WA SH4

1C8 GO TN (110,122),MOTR WA SH
110 CCNST =—ALPH2%CNS(ANGLE) *U INF+HE AVE*COS ( ANGLE+PHIH) «ALPH1*U INF WA SH
FACT =—-ALPH2*FREQF*SIN(ANGLE) *JINF WA SH
GO TC 130 WA SH
120 CONST=UINF*ALPHL+HE AVE WA SH
FACT=-UINF ®ALPH2 WA SH
132 DO 10 M=1,NGP1 WA SH
X=XGAM(M) WA SH
THETA = ARCT(X) WA S+
_ SuUM=q, e o WA SH
¢ CUNT=0. WA SH
DO 20 N=1,NF B WA SH
COUNT=COUNT+1. WA SH
20 SUM=SUM+COUNT*CAMBR (N)®CCS (COUNT *THET A) ) WA S+
IFIM=1) 2.:4,42 WA SH

2 1F(NGP1-M) 3,4,3 . _MASH
4 SUM = SUM + SUM WA SH
GG T0 50 o ) , WA SH
3 COUNY = 0. WA SH
__ COTY = X/SIN(THETA) o , , ] “WASH
DO 30 N=1,NF . WA S4
_COUNT = COUNT+THETA o wasd
30  SUM=SUMFCOTYT#CAMBR(N) ®STN{COUNT) WA SH
50 VZIP(M) = UINF*SUMECONST+FACT $(ARDT-X ) WA SH
10 CONTINUE WA SH
RETURN . L , WA SH
END WA S4

O® NN W



APPENDIX B

DETERMINATION OF COUPLING PARAMETERS
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APPENDIX B

DETERMINATION OF COUPLING PARAMETERS

The characteristic equation for the rotor blade is

2 ok
2. Pax AT = o
amry
where
2 _2. 2
B = r . 8 Tse W~ Ty
0 O Mg Mg Mgz Moo
_ 2 _ 2
) M T w M T
By = f+ 2 ¢3959+21‘;§9¢9
Mgz Moo 28 “eo
2 2
T e Tdo
s Moo Mg Moo
52y =2
B, = £, - B _Be _ _“B 4o
4 4 W Mog s Voo
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in which

£ _ - 2 - 2 _ 2
_ _ 2 2 _ 2 _ 2 _ 2 _ 2
fo = @ g t @ wWeg *t wg we
- — 2 - 2 -2
fu = wB + w¢ + we

The characteristic equation for the two-dimensional system

is found to be
k=0

where
Dy = fo- Gﬁgha: a, 2 - h, b,°
D, = fp - 5¢2 g, ¥ a; - wg° &, X by
- b, alg—hbbz
D, = fu-cuie-gai a; - g X Dby
Dg = 1 - cg X°
in which
hy = _gﬁﬁ___ hy = ;gg
R Mgg 00
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Equating
provides

X,

where

130

(r

e

Do/Dg to Bp/Bg, Do/Dg to B
three relations in the thr

2 hy Ay g = 2h

- 2 -—
Az(“’ﬁ ls+r G 4 1

b Ao

o/Bg and Dy/Dg to By/Bg

ee unknowns

>, and lgo If ay and b are eliminated, the
follow ng equation for X 1s obtalned:

1 t

2

2 —
- T, tl) + (ry 85 - rs sl)(t2 51 - by 85) =

2
-l h, + hb %a r =
a g 2 2
b
- 2 2 =
( wg - 5¢ ) &y X » Sq

(1 - 06 i-e) 52/36 - f2 + 532

h F
F + _"§——?




b5 = (1 - Cg %%)(B, - By/ 662)/B6 - £, 4 562 P+ £/ G
in which
F = £, - B)/Bg + (B Cc/Bg - C)) X°

With some algebralc manipulation, a polynomial of fourth
degree in X“ can be extracted from that equation. The value
of X 1s taken to be the square root of the smallest positive
root of that polynomlial. The original -equations are then

used to solve for aj; and by , from which lg; and 1lg, are
readlly obtalned,
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